DQCOMBNT BESOME 



ED 166. 062 



SE 026 717 



TITLE 



INSTITUTION 



) 



SPONS AGENCY 

PUB DA^E 
CONTRACT 
NOTE 

AVAILABLE FROM 



EDRS PRICE 
DESCRI PTORS 



IDENTIFIERS 



Principles and Procedures for Evaluatihg the Toxicity 
of Household Substances^ Revised, 
National Academy of Sciences - National Research 
Council^ Washington^ D^C, Assembly of Life 
Sciences- 
Consumer Product Safety Commission^ Washington, D-C. ; 
Naval Research Lab. , Washington, ELC. 
77 ^ ' 
CPSC-C-75-0018; N-000 1 U-75-C-071 8 ^ 
13.9p.; Not available in hard copy due to copyright 
restrictions . ^ 

Printing and Publishing Office,. National Academy of 
Sciences, 2101 Constitution Ave., N.W.,. Washington, 
D.C. 20418 (Order No« ISBN-0-309-02644-X; $7.00) 

MF-$0.83 Pius Postage. HC Not Available from EDRS. 
*Bioch?n\istry ; ♦Chemistry; *Laboratory Techniqfues; 
♦Pathology; *Physiologyj^ Pollution; Postsecondary 
Education; Science Education; Technical Reports 
♦Toxicology 



ABSTRACT ^ . " - v 

This report was prepared for use by the professional 
tdxicoloqist. It contains chapters on ingestion exposure, dermal and 
dye toxicity tests, inhalation exposure^* chronic toxicity and 
carcinogenicity tests, mutagenicity tests,' reproduction and 
teratogenicity teste, and behavioral toxicity tests. In addition, 
!• regulations under th^ Federal Hazardous Substances Act are discussed. 
Information is also given on animal husbandry, and lists are 
pres^nt^d of tests for monitoring ^xic effects, organs used to^ 
obtain ' relative organ weights, and tissues used f or histopathology. 
(BE) . • 



♦ Reproductions supplied by EDRS are the best that can be made ♦ 

♦ from the original document. ♦ 



EKLC 



Principles and ^ 
PrdcedureV for 
Evaluating the 
Toxicity of 
Household 
Substances 



A Rcpoct Prepared by the ' 

~^ 

COMMITTEB FOR THF-: REVISION OF 

NAS PUBLICATION 1 1 38, 

'Principles and Procedures for Evaluating the 

Toxicity of Household Substances " 

Under the Auspices of the 
COMMITTED ON TOXICOLOGY - 

Assembly of Life Sciences 
National Research Couhcif 



NATIONAL ACADEMY Of SCIENCES 
WASH I NGTON". DC. 1 9 J 7 



NOT Cl ": Tho project that is the subject Qf this report was approved by the Governing 
Board of the National Research Council, whose members are drawn from the Councils 
of thb National Atademy of Sciences, the National Academy of Engineering, and 
the l|istitute of Medicine. The members of the Committee responsible for the rpporl 
wcre^chosen lor their special competendes and with regard for appropriate bal- 



ance 



This report has been reviewed by a group other than.the authors acGdrding to 
procedures approved by a Report Review Committee consisting of members of the 
National Academy of Sciences, the National Acadqmy of Engine^rmg, and the In- 
stitute of Medicine. ^ 

Prepared under Contract No. CPSC-C-75-001 8, U.S. Consumer Product Safety 
Commission, and Contract No. NOOOl 4-75-C-07 1 8, Office of Naval Research, with 
the National Academy of Sciences, Advisory Center on Toxicology. 

Contract Monitors ^ • a \4a 

[)r. Robert M. Hehir, Consumer Product Safety Commission, Bethesda, Md. 

20207 ' ~ K, A 

Dr. Robert K. Jennings, Office of Naval Research, T)epartment of the Navy, Ar- 

lington, Va. 22217 



Libr^ofCongress Catalog Card Number 77-99 1 99 
InteVnational Standard Brfok Number 0-309-02644-X 

Arailahlc from: 
Printing and Publishing Office 
National Academy of Sciences 
2101 Constitution Avenue, N.W. 
Washmgton, D.C. 20418 



V 



Printed in the United States of America 



COMMITTEE TO REVISE NAS PUBLICATION 1138; 
Principles and Procedures for Evaluating the 
Toxicity of Household Substances 

ROBERTO. TARDiFFrEnvironmental Protection Agency, Chairman 

JOSEPH F. BORZELLFXA,^edicai College of Virginia, Virginia Common- 
wealth University 

JOHN DOULL, University of Kansas Medical Center 

HOWARD J. FAIRCHILD, Natiorlal Institute for Occupational Safety and 
Health 

kv. GARY FLAMM, National Cancer Institute 

RAYMOND D. HARBISON, Vanderbilt University School of Medicine 
VICTOR G. LATIFS, University of Rochester School of Medicine and Den- 
tistry 

MARSHAlJ. STFJNBERG, Department of the Army (presently with Tracor 
Jitco, Inc.) 



S/wcommittee on Ingestion 

MARSHALL STEINBERG, Department of the Army, Chairman 
GEORGE J. LEVINSKAS, Monsanto Company 
FkHDERiCK SPERLINQ, Howard University ^ 

i 

Subcommittee on Chronic Toxicity , 

JOHN DOULL, University of Kansas Medical Center, Chairman 
MORENO L. KEPLINGER, Industrial Bio-Test .Laboratories 
T^D A. LOOm'is, University of Washington School of Medicine 
IAN c. MUNRO, Department of National Health and Welfare, Canada 
NORBERT p. PAGE; National Institute for Occupational Safety and 
Health 



Subcommittee on Dermal and Eye Toxicity 

JOSEPH F. BORZELLECA, Mcdical College of Virginia, Virginia Common- 
wealth University, Chairman 
JOHN F. GRIFFITH, The Procter and Gamble Company, Vice-Chairman 
w. RICHARD GREEN, The Johns Hopkins Hospitaf ' 
HOWARD I. MAIBACH, University of California School of Medicine 



Ml 



Subcommittee on Inhalation Toxicity 
t'.nwARD J. I-AIRCHILD. National Institute for Occupational Safety and 

Health, Chairman 
WILLIAM M. BUSLY, Bxpefimentaf Pathology Laboratories 
J. wl:sli-y CLAYTON. JR., University of Arizona 
J. DOUGLAS Macr.wi:N, University of California, Irvine 
TMLODORL R. TORKLLSON, The Dow Chemical Company 

Subcommittee on Mutagenesis 

w. (JARY I LAMM, National Cancer Institute, Chairman 
DAVID L BRLJSKK, Litton Bionctics Research Laboratories 
JOHN w. DRAKL, University of Illinois 
SIDNLY CJRHI-:n. Food and Drug Administration 

Subcommittie on Reproduction and Teratogcncsis 
RAYMOND D. IIARBLSON, Vanderbilt University School of Medicine, 
Chiiirman 

KlJNDAN S KliLRA, Department of National Health and Welfare, Cana- 
da 

PAUL L. WRKJMT, Monsanto Company 
Subcommittee on Behavioral T Qxicolo^y 

VICTOR (i. LATIL:s, University of Rochester School of Medicine and Den- 
. tistry. Chairman 

PI TLR H Di':ws. Harvard Medical School 

DONALD L. MCMILLAN, University of North Carolina School of Medicine. 
Chapel Hill 

STAKA L NORTON. University of Kansas Medical Center 
Staff Officer: .WCK A WINSTI-AD 



6 



Contents - 




1 INTRODUCTION 

Bibliography, 8 
References, 8 

2 INGHSTION KXPOSURK 

Acute Ingestion, 1 0 
Subchronic Ingestion, 17 
Evaluation of the Aspiration Hazards of Liquids, 1 8 
References, 21 

3 n K R M A L A N D K Y K 1 O X I C I T Y T K ST S 

Acute Dermal Toxicity, 23 
Percutaneous Penetration, 26 
Skin Irritation, 28 
Phototoxicity, 34 
Changes in Pigmentation, 35 
Chloracne, 35 

Delayed-Type Contact Sensitization, 36 
Contact Urticaria, 40 
Eye Irritation, 41 

Mucosal Irritation and Corrosion 6f the 

Upper Alimen'fary'TracTr55 
References, 55t 



V 



4 



4 INM AI.A nolSi i;XI»()SUKI 

Exposure Chambers, 61 
Acute Inhahition fixposiires, M 
Chronic Hxposurt Studies, 70 
References, 72 

-S c'MHoNic roxici rY/t'Ai<t'iN()(;i:Nit'i I Y ns rs 
Desij^n of Test, 76 
Test Procedure, 79 
l':valuati()n, 80 
References, 84 

6 Ml] rA(;i Nicn Y i i s is ( 
Test Objectives, 87 

Detection of Mutagens; 87 ' ♦ 
Hvolution of Test Systcnis and (Mtcria, 88 
. Principles of Mutagen Testing, 89 
Test Procedures, Oo' • / 
References, 96 ' * ' 

7 KII'KODUC (ION AND r i: K A K )( i KN IC IT Y TI-SIS 

Teratology, 103 
Reproduction, 105 
References, loV ' 

8 HI HAVIOHAI, rOXIt'Il Y 11 SIS 

'Broad-Scale Detection, 1 1^ 
Confirmation of Implications Resulting from 

Chronic Studies, 114 
Sununary, 115 
Reffcrences. 1 16 



6d 



74 



86 



99 



II 



\ 



APPtNDIXf:S 



A HFdUKA riONS UNDIH T H K, I I! I) i: K A L HAZARDOUS 
SUHSTANC'K.S AC 1 

B ANIMAL HUSIiANh^Y 

C HKMA r()L(U;K'AL AND ci.INK AL lUOt'ii. MISWY SrU|)lt:s 

D PA moi.oo Y 



jl9 

125 
129 
130 



VI 



3 



ERIC 



Principles and 
Procedures for 
Evaluating the 
Toxicity of 
Household 
Substances 




Introduction 



In 1964 the Committee on Toxieology of the National Academy of Sci- 
ences-National Research Council published Principles and Procedures for 
Evdluatin'^ the Toxicity oj Household Substances for use by the Food and 
l)rug Administration in fulfilling its responsibilities under the Federal 
Hazardous Substances Act p'HSA), Prim;^rily the document covered acute 
toxicity from ingestion, aspiration, percutaneous absorption, ocular and 
dermal contact, and inhalation. The Consumer Product Safety Commission 
has since been niade responsible^for the J MSA and other acts. Recognizing 
the substantial mcthodfjlogical advancements in toxicology and of expansion 
of concern from acute lo chronic intoxication, the Commission in 1976 re- 
quesied that the National Academy of Sciences review and amplify their 
carl^ ^publication. , 

This report was prepared explicitly for us€ by the professional toxicologist 
engaged in either of two roles. It should assist the administrator in developing 
and recommending strategies for testing compounds and products (mixtures) 
for the purpose of rendering hazard/safety assessments for human -wtpdsu re. 
To this end, the toxicologist Vill review eotically and-cvaluate the adequacy, 
accuracy, and validity of the investigations and will coordinate and interpret 
the s^'ignificance of the overall experimental toxicity profile. The report also 
should assist the toxicological investigator faced with the translation of 
'guidelines into protocols^and operational manuals for the various subspecialty 
areas of toxicology. Through the application of experience and professional 
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judgment, thi^cxj^ will iniplciiicn! the niiiny- faceted aspects of 

(Iusc-rcs[)^)n^(i3|^ps, synthcsi/c a unified and conipreiiciisivc apfiroach, and 
define the resu^i^ifif()rniatit)n U) interpret its significapcc. 

f'he report fDCuses on assessment of the iDxicity of eheniicajs used in the 
houseliold. However, the principles and procedures described herein are 
equally ;ipplicable>(^-sting chemicals used outside the fionie, such as pes- 
ticides, imlustrial compounds, KxxJ additives, and environmental pollutants. 
I hc importanl^aspeet is the development of design strategies to address 
properly whatever problems arc at issue. The potential routes of human ex-' 
posurcaiul intoxication, as well as the anticipated magnitude of exposure, 
must be accurately determined or closely approximated before a design 
strategy is selected. I hc exf5i;rimcntal routes of administration arc determined 
by the projected exposure routes of the product during use. Similarly-, the, 
degree of exposure (dose level and duration) that could be anticipated in-, 
Hueneesnhe selection of dosage levels and durations of exposure in the overall 
design of predictor studies. Chapters 2. .1. 4, and 3 describe the nil;thodologies 
lor administration of chemicals via various routes. Chapters 2 and 5 deal with 
the oral route, the former ia acute (including aspiration) and subchroinic 
studies and the latter in lifetime investigations. Chapter 3 focuses on dermal 
and ocular applications, ( hapter 4 describes the complexities of inhalation 
exposures, 

Selection of iesl protocols and experimental conditions is inflcjcnced also 
by physical and chemical characteristics of tlic product, such as solubility, 
vapor pressure, density, and reactivity, f or instance, certain hydrocarbons 
are more likely to pose an aspiration hazard after ingestion; consequently, 
if such ingestion is suspected, there should be investigations to evaluate that 
possible hazard. When the struiiure of a compound under eyaluation is similar 
to that of an agent whose tiWatyJ^{is been charaetcri/ed previously, inves- 
tig;itors may suspect that their toxic properties and potency are also similar. 
I)esign modifications may then be aimed with greater specificity at more 
narrowly defined~To>u: end points. 

W hen testing housenold products, the toxicologist is faced with evaluation 
of new ageijl-tnrlHj^e toxicity is undefined. In most instances, the development 
of the toxicity proTiJ^ is a stepwise process requiring continual judgmental 
intervention to insure the development of significant and intcrprctable data, 
(ienerally. the process requires the selection of the animal model(s) Jhe ex- 
ecution of the various phases representing different degrees of exposure, and 
the evaluation of some specialized end pi>jttts, such as r.cproductive anoma- 
lies. 

Although economic and staltslieal consideration.s often dictate the selection 
of a rodent model such as the mouse or the ral. the model Selected inust give 
reasonable expectation of extrapolation lo man. In the past* animal models 

J 
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have often aecuralcly predieted human toxicoses frotfi therapeutic agents 
and environmental materials; however, in previous strategies several species 
have been used to increase thfe prolrability of accurate prediction. In such 
circumstances, the toxicologist must decide empirically which sets of data 
are to be us^d in the final hazard analys.is. (lencrally, such decisions have been 
made on the basis of the '*most sensitive species tested," ^ . . 

* An additional parameter in the selection of predictor species is spi^cios- 
spcciflc or comparative metabolism (toxicokinetics and biotransformation). 
Frequently, organic compouncis have been classed as ^'lultimate" or "proxi- 
mal'' loxicantsji c., those directly responsible for,toxic^anifestatjons) and 
as **distanl'' toxins (i.e., tliose requiring transformation /// vivo to a more active 
species), fn both situations, en/ymic mechanisms arc also present within the 
organism to detoxify or inactivate the toxic molecules. The most extensive 
review of niclabolie |rrofiles both activation and det^xication — has been 
compiled by Williams. * • 

There arc many diverse metabolic pathways in mammalian organisms. 
Some patliwayi^are species- and even str^yn-depcndent, while others appear 
universal for ihc same compounds. Some pathways within a species are ac- 
tivated sequentially as the concentration of stibstratc is increa.sed in rim. a 
factor that impacts substantially on dosageselectiob^as well as on interpre- 
tation of data from different dose levels. For those chemicals requiring 
metabolic activation for toxic manifestations and for those requiring inaeti- 
vation for dctoxication, developrnent of metabolic information on laboratory 
animals //; riva and in man, at least //i Htro, should significantly affect the 
choice of more reliable animal models and may reduce the overall Cost of the 
evaluation by decreasing the number of species. Equall-y important, such 
investigations generate data useful in the selection of expo>;ure parameters 
by determining biological availability and half-life, predilection fpr target 
sites, and potency for accumulation, storage, and redistribution. 

After selecting the animal models, the investigator can address the gen-' 
eration of the toxicity profile for the products to be tested. Toxicity profiles ' 
identify the organs and organ systems whose integrity, either genetic, bio- 
chemical or morphologic, has been compromised to the extent that normal 
functions are impaired or the organism's ability to respond to stmauli has been 
damaged. Structuring these studies with several logically spaceJPosage levels 
is esi^ential for several rea^)ns: to confirm the observed e/fccts by demon- 
strating increased intensity of physiological alterations with increasing dose 
levels; to describe lesions and their severity (reversibility vs. irreversibility); 
to generate data about the genesis of lesions from biochemical to liisto- 
pathologioal and gross pathological; to demonstrate differential-sensitivity 
of organs, thereby identifying the most sensitive target organ(s); to genotate 
data on graduated effects, the slope of which can be analyzed to predict toxic 
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effects at lower doses; and to produce data from which to estimate thresh- 
olds. , . ' . ' 

Because ofthe complexities of toxicological studies, an operational defi- 
nition of '^no observed effect** is necessary. Such a ''no effect level" is impacted 
upon by differential sensitivity, varying species and strains, sensitivity and 
speeific.ity of analytical methods in physiology and biochemistry, alternate 
metabolic profiles, etc.'-- 

The core investigations by which toxicity is defined include acute, sub- 
chronit;. artij chronic toxicity tests as outlined in C^hapters,2. 3, and 5. Prior 
to initiation oJ /// riro testing, some investigators conduct preliminary toxicity 
studies /■// ritro,, using either mammalian or nonmammalian ceHs. fn ritro 
toxicity testing can serve as a prescreen to compare inherent toxicity among 
compounds and mixtures by using relatively simple indices such as cell sur- 
vival. Recently developed iniitro systems have been successfully used to assess 
mutagenic activity. Some investigators have concluded .that demonstration 
ol mutagenic activity in such assays is sufficient evidence for the carcinoge- 
nicity of a test agent, since several chemical carcinogens /// viio are also 
mutagens /// vitro. Additional experimentation is required before /// vitro 
assays can reliably replace /// vivo tests of mutagenicity and oncogenicity in 
the hazard evaluation. On the other hand, these in vitro assays can be helpful 
in developing priorities among large numbers of compounds and products 
to be tested /// vivo and in suggesting more specialized (Dxieity studied /// 
vivo. 

Acute toxicity studies are described in detail in Chapters 2. .i. and 4.\Such 
studies can be an end in themselves when performed to assess hazard from 
.^mglc or multiple closely spaced doses. Often these investigations s:rve as 
range lindcrs for the longer exposure studies by producing data concerning 
lethal levels and signs of intoxication. Reliable parameters such as the [J)50 
canlx' used tt) compare and determine relative acute hazards. The slop: of 
llic dose-response curve yields ar> index ofthe margin of satety. 

I'he design of subchronic, or ^)()-da>, studies is described in Charter 2. 
I smg a dose-response mode, multiple-exposure investigations arc pe; formed 
10 idcniify pathologic lesions at the biochemical and histological l:vcls with 
some measurements of the physiological status of critical organs. Signs of 
toxicity are carefullN monitored during the exposure phase. All histopatho- 
logic lesions, with the exception of tumors, can usually be delineated in 
carefully designed and executed subchronic studies. The scope of experi- 
incMitation can be expanded to include information on repair of damage by 
observing groups i)f subjects during a **recovery** phase. Data from the sub- 
chronic study are usually recjuired for the planning and design of the chronic 
studies. 

I.ifetimc, or chronic, studies, as described in C haptcr 5. arc highly coniplcx 
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but most useful in the definition of minimum-effect levels and essential in 
detecting the oncogenic properties of chemicals. Since the basic design of such 
tests prevents the discrimination between carcinogens acting by either the 
*\)ne-stage" or ''two-stage"^-^ '^ mechanisms, the evaluation of hazard from 
positive fmdings mu.st of nec<;ssity be somewhat conservative until clarifying 
data are generated.^ A Hexible design <:an produce data on the characteristics 
and severity of pathologic lesions, as well as on the rate of pathogei.Tc^is, A 
full spectrum of physiological and pathological changes and end points at 
the subcellular, cellular, organ, and whole-body levels can be assessed. The 
results from this sequence of experiments are translated by the toxicologist 
into a comprehensive profile' of toxicity of the test agent. 

Transmissabic genetic damage is one of the more far-reaching toxic 
manifestations, as the ;idverse effects may be the legacy of future generations. 
Suspicion that a eoinp'^und or product may be a mutagen can be obtained 
from-structurc activ it v considerations, from data demonstrating localization 
of the agent in the gametes, or from observed activity within inritro systems. 
The application of inritro test systems, as compared to in riro testing, is 
practical because of decreased cost and time. However, to assess hazard, in 
l iro assays such as the heritable translocation test are stil*^required for con- 
firiiiatiou, of effects and for development of dose-response data that can be 
x-xtrapolated to humans. The assay systems for detecting heritable genetic 
damage are described in Chapter 6, along with a logic for assessing mutagenic 
hazard by progression from simpler to more complex test systems. 

Irreversible toxic manifestations of grave consequence are associated with 
adverse effects to the reproductive system and to the offspring. Reproductive 
anomalies rang.e from sterility to derangements iyhe production of mother\ 
milk. The adverse inlluences may occur at any time within the reproductive 
c\^le of the organism. Toxic effects to the offspring range from mortality to 
iiu)rbidit\ as subtle as decreased body weight at birth. In perspective, 
weakening of the offspring in early life may lead io later physiological defi- 
ciencies. IVonoiinced reproductive ant)malies arc teratic or morphological 
defects observed in offspring at birth. These are usually related to a toxje- 
intervention during organogenesis. Such morphological defects are olt<|h 
crippling. Of late, teratology has expanded to include not only morphological 
alteratit)ns but also biochemical, immunological, and ^behavioral deficits. 
However, the test procedures involved in these investigations are only in the 
experimental stages. Tests to assess reproductive toxicity, including birth 
defects, are described in C hapter 7. These tests are often the outgrowths of 
the subchromc toxicity studies. 

Subchronic and chronic toxicity studies prescribe the observation ol lab- 
oratory annuals for signs of **iinusuar* behavior. At times, high doses of 
certain compounds can directly affect locomotor functions at peripheral sites. 
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However, tfrragcnts that directly affect the central nervous system (C NS) 
require definition and study to determine their relevance in the overall toxicity 
profile. Most important is the determination of whether the behavioral 
niodihcations occur at dose levels below those producing other functional 
organic damage. 

Behavioral ob.servations in th(; subchronic and chronic studies are relatively 
crude and nonquantitativc. Consequently, subtle changes in behavior may 
go unnoticed. Chapter X describes and defines a research strategy and 
methodology lor the study of agents suspected of having infiuence on the C NS 
to the extent that alterations in either general or operant behavior are man- 
liest. The selection of compounds for these investigations, as well as other 
highly specihc experiments, must be judicious to insure ma.ximum use of 
resources with maximum return of information. When selecting compounds 
lor detailed evaluation of behavioral effects, the following properties should 
be considered: lipid solubility, distribution to and residence time in the CNS 
and observed gross effects in previous studies. Generally, behavioral studies' 
il used, will lollow chronic investigations in the development of the to.xicity 
profile lor a given agent. 

This document describes, in relatively abbreviated form, the .stale of the 
art in the various phases of to.xicity testing. Because the inclusion of a complete 
treatise on all phases of to.xicologieal assessments is virtually impossible and 
impractical, the reader is directed to several reference .sources for additional 
miormation. 

In the areas of basic precepts and concepts in to.xicology, the texts of Ca- 
sarett and Doull,^ loonlis,'" Boyd,' and DuBois and Ceiling^ should be' 
consulted lor comprehensive treatment of the subject. Trom these texts, in- 
sight can be gained into the concepts of dose-response, selection of animal 
models, conditions of experimentation, and interpretation and extrapolation 
ol data, f'aget'^ deals more specifically with development and application 
ol methodology within various frameworks of safety evaluation. Disciplines 
within to.xicology have also received comprehensive and independent treat- 
ment the National Cancer Institute has promulgated guidelines-- for car- 
cinogenesis testing; the Canadian Health and Welfare' has developed a 
scholarly document dealing with carcinogenesis, mutagenesis, and tcrato- 
gcncsis: the proceedings^" of a svmposium lomtly sponsored by the Society 
ol ro.xicology and the .Association of Official Analytical Chcmi'sts addresses 
in detail satcty evaluations and to.xicity testing; Mcllo," Weiss and Laties,-' 
and Xintaras a «/,-^ describe the complexities of behavioral toxicology' a 
report of the National Academy of Sciences" delineates approaches and 
techniques lor the assessment of the inhalation to.xicity of combustion 
products; Piotrowski"' and Williams^^ develop the application of metabolic 
studies to to.xicity testing; and Salsburg'^ displays insight into design and 
interpretation of chronic to.xicity testing. 
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This report cniphasi/.cs household products and the evaluation of their 
safety. Other publications have dealt effectively with the safety evaluation 
of cheniicals in other categories and for other uses: drugs,''^^ cosmeticsj food 
additives.' '-^ environmental chemicals, 'r and pesticides.-' All of these doc- 
uments share, in the fundamental concepts of toxicity testing despite modi- 
fications in design to address specific classes of agents, and unique uses. 
Consequently, these references arc useful resources. 

The extrapolation of data from high to low doses and from laboratory 
animals to humans is the source of constant concern and attention and is in 
a state of dynamic development. Documents related to this subject have been 
cataloged into a bibliography by the Society of Toxicology.'"^ 

Some.pcriodieals that address highly specialized areas of growth in toxi- 
cology and safety evaluations, and various journals that contain papers on 
the toxicity and development of test prcKcdures. are listed in the Bibliography 
a I the end of this chapter. 

. Toxicity testing and safety evaluation have specific requirements for staff, 
facilities, and program. Staff, by virtue of their training and experience, must 
have demonstrated mullidisciplinary expertise. The loxicologist should also 
be characteri/ed by sound judgment, not only in design and conduct of these 
studies, but particularly in interpretation and application of fmdings to safety 
evaluation. A well-qualified support staff is essential to insure proper exe- 
cution t)f experimentation, • 

Toxicity studies should be conducted in appropriately constructed and 
controlled facilities so that results and their interpretation a;e not compro- 
mised nor their reliability threatened. The accreditation of various compo- 
nents within the toxicology laboratory will assure the most effective cnvi- 
roniiient and the highest-quality results. The American Association for the 
.Accreditation oflaboratory Animal Care is highly regarded for its accred- 
itation of animal facilities and piogriyrts of animal care. Clinical laboratories 
can«;iso receive accreditation via <J^^^ther the Center for Disease ( ont rol or 
professional organizations. The facilities should be maintained in accordance 
with regulatory statutes such as the Animal Welfare Act and the Clinical 
I aboraior> Improvement Act. In addition, the facilities should be designed, 
constructed, and maintained to insure minimum effect on the outside envi- 
ronment. C ontrol of sewage, effluents, air emissions, and solid waste^ is es- 
sential 10 niimnu/e the release of potential!) hazardous and unaesthetic 
materials into the environment. 

In toxicology programs, staff and facilities should be carefulK selected 
so that the highest-quality studies and most reliable data can be produced. 
The most critical factors affecting toxicology programs are qualitv assurance, 
standard operating procetiures, occupational safety and health, and ac- 
count a bill t\ . In the near future, fcder;\l and professional guidelines will codify 
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imirormity and niininiuni quality fcquirtMiicnts for nonclinical laborato- 
ries. 

The selection 1)1' laboratories on the basis of capabilities has been confusing 
at times. The Toxicology iMhoratory Survcy\^^ published by the Society of 
Toxicology, has cataloged the laboratories that engage in toxicity studies and 
listed their capabilities. The cost of various phases of the safety evaluation 
has been described by Gehring et al.^ 

The performance of toxicity tests with ample safety margins or relatively 
jow risks does not assure absolute safety and does not negate the need for 
monitoring the health of exposed humans. There is a remote possibility that 
the biological models have erroneously predicted toxic potency. In addition, 
unanticipated high exposures resulting from accidents or abuse are a tangible 
threat and cause lor concern. ( -onsequently, prospective epidemiological 
surveilhinee of the target species, humans, is often essential with the mtro- 
ducuon of a new chemical or product into the household. 
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ACUTH INGESTION 

The LD50 may W defined as the dose that is lethal to 50 percent of a group 
of treated animals. It is^the most frequently determined index of toxicity. 
Federal legislation dealH&^^with tbxicity uses the acute LD50 as an index of 
toxicity, especially the acute oral LD50. Acute is defined either as a single 
dose or exposure. Or fractions of a dose, when given over a short period. Oral 
dosage is administered by gavagc. There arc provisions for such determina- 
tions in a variety of federal regulations. Legislation enacted by the Congress 
has resulted in the Registry of Toxic Effects of Chemical Substances (for- 
merly the Toxic Substances List). This document is directed specifically to 
the provision ofguidc^lines that are responsive to the requirement of the 
Hazardous SubsBnccs Act. Jhc most conspicuous value in the list \^ the 
LD5()- The hazard data are incorporated into the labeling of packaging and 
even influence the type of package and the mode of transportation to be used 
when shipping a product. 

The concept of the LD5(). the median lethal dose, wan developed .by Trc- 
van'^ as a graphic index of toxicity. He defined it as that unit dose per unit 
animal weight that would kill one-half of an "indefinitely large ' group of 
animals using rigorously defined quantal data. Lower numerical values in- 
dicated greater toxicity than did higher ones. Only death and survival were 
noted: nonlethal effects, regardless of severity, were not considered. The intent 
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was pot 10 measure pharmacological effects. Trevan showed also that the same 
biological r*clations and mathematical principles applied to the evaluation 
of defined nonJethal pharmacological effects. When a sequence of doses was 
plotted against the corresponding percent response of groups receiving those 
dose levels, a sigmoid curve was obtained thai was syrr^metrical if the dose 
progressions were logarithmic. The 50 percent or median point could readily 
be extrapolated and the standardVieviation and slope calculated. 

The slope shows the ratio between dose increjnent and response increment. 
Slopes from other expcrimcats involving different compounds or animal 
species can be compared. A flat dose-mortality cui^'e suggests a potential for 
cumulative toxicity and thus the need fora longer testing period. The steep- 
ness of the slope has been used to indicate safety when the potential dosage 
to be applied or the amount that might be accidentally ingested is considered. 
WithiiDspccics or strains, divergent i^lopes of similarly acting substances in- 
dicate differences in mechanism or site of actiop^. Parallel slopes may indicate 
similarity of action. 

All commonly used graphic methods assume that the responses of the 
"indefinitely r^rge" group will be normally distributed. Elaborate statistical 
methods for fitting the best line lo values were developed by Bliss^^ and others. 
These methods became extremely useful in biological assays that required 
accurate comparison of one compound or sample with another. The graphic 
method also permits extrapolation to other dose-response levels. 

Quantal data divide a test population into two groups, responders and 
nonrcsponders. It is necessary to define rigorously the test limits. Death or 
survival are more easily defined than are nonlethal responses in which gra- 
dations of response must be considered. The all-or-none principle, the quantal 
response, applies to each parameter being measured during an ED30, the 
median effective dose. ^ . 

. Pharmacological effects,' includmg median values, should not be extrap- 
olated to other species, strains, sexes, or animals whose state of health differs 
from test animals. Strictly speaking, any value obtained applies only to the 
species, strain, sex, age, and state of health of the animals under test.^ '^' -'^ 
However, the purpose of the measurement is to evaluate potential toxicity 
to humans. Therefore, one uses the values as an estimate of acute toxicity to 
humans. Wide variations of LD50 among mammalian species can have 
particular significance. They may indicate a problem in estimating potential 
toxicity in man. The mediitn effective dose does not apply ^ a populace or 
the inhabitants of a region. 

The LD50 has forensic value, and its estimation is necessary for compliance 
with legislation. It is important in characterizing industrial and accidental 
hazards that may have a fatal oujLcamc.\lt mky be calculated by any of a 
number of graphic and nongraphic methods. These numerical data can be 

/ 



J- ! VAl l)A I IN(i Tfii: roXk ITY 0\ H t)l i S^: 1 1 O I . D SLBSTANCIvS 

calculated with data-processing equipment. Various niieroprocessors and 
a range of computers can faciiiiate data reduction and the generation of the- 
desired calculation.i;. The numerieal values obtained by any of the diverse 
methods'^' and with limited numbers of animals conform closely lo each other, 
(irading systems of toxicity, such as those of Gosselin ct al.^-^ or of Hodge 
and Sterner,'-'^ are based on such values, and slope is disregarded. Some 
methods, using only a few animals per dose level, provide a good 
nongraphic estimate of the median dose, but do not provide a measurement 
ol the slope of the dose-response curve, A large portion of toxicological data 
is.i^xpressed in terms of 'Yange-finding" doses. 

Many important factors that arc the real determinants of acute toxicity 
are not evaluated by the 1.050 and its slope. But many of these factors can 
be observed and evaluated during the course of an LD30 determination. Site 
and mechanism of action, early or delayed death, and. recovery rale may be 
better indices of toxicity and, eventualK, of hazard. Morbidity and/or 
pathogene.sis may have more loxicologieal signifieance than mortality. Often 
the mortality potential is far less than the morbidity potential. -^•'^-'^ The LD50 
also frequently serves as the basis for determining the doses to be used in 
subchronic and chronic studies. 
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Oral IJ)5() As previously indicated, there are two general methods 
of estimating an 1.1)50; nongraphic methods, which do not assume normally 
distributed responses, and graphic methods, which do. The monographic 
method is exemplified by Thompson's Moving Average Method^'' for which 
WeiP^ has developed tables for rapid^nd convenient calculation, including 
the standard deviation. Signuiid curves or probil regressions exemplify the 
graphic method. All methods require thai the test animals be randomlv as- 
signed to groups, that the log of the dose be used in the calculation, and 1 hat 
logarithmically separated progression of doses be used. I requenliw doses 
progress by 0. 1 logs ( nuilliples of 1,26) orO..^ logs ( multiples of 2), and four 
or more dose lev els are used. WeiTs tables for Thompsc)n\ Moving Average 
Method require four dose levels with equal logarithmic intervals between them 
and equal numbers of animals in each group. The tables permit the use of as 
few as 2 and as many as 10 animals per dose level. A numerieal \alue for the 
I.D5() can be obtained even when all animals survive at the two lower dose 
levels and all die at the two higher ones. 

A commonly used graphie technique is the Litchfield- Wileoxon Method 
of using probits.i*^ The probits, in turn, can be converted lo percent effect, 
derived from the rclatitin of the area untlcr the normal curve to the standard 
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dcviation.^-^ ' Log dose and percent effect may be plotted directly, and a 
best-fitting regression line by inspection may be drawn. The LD50, LD16, 
and LD84 are read directly from the regression and fitted into an equation, 
then the slope is calculated. Lrom nomograms one can extrapiCite the ho- 
mogeneity of the data and obtain factors for the calculation of the fiducial 
limits of the median dose and the slope. Neither dose intervals nor animal 
numbers are required to be equal. l i)Lir dose levels should be used. At least 
one should be more than the 50 percent ctTcct level and one below. One level 
should be at either the 0 or 100 percent level, 

The graphic and nongraphic methods each have advantages and disad- 
vantages. The method of choice should be based on the information needed 
and the conditions of the test. 

Animal Daui The test animals should be character i/ed as lo species, strain, 
and physiological ami moi pliologieal characteristics. There is no standardized 
animal that is suitable for all tests. Laboratories and breeders should. collect 
and periodically review control data on their animals. It is extremely im- 
portant that the test animals be random 1\ selected for the dose- level 
groups. 

In acute studies, untreated c'i^ntrols are generally not necessary. The 
dose -response during the determination of an LI)3() may be an internal 
control. If either unusual or oil vehicles or special dosing techniques are used, 
then two control groups one receiving the vehicle and one with naive ani- 
mals should also -be used. The vehicle controls should receive the largest 
volume of vehicle used w(ien administering the test compound. Animals 
should be fasted before gavaging. Mice should be fasted for about 4 h, rats 
and rabbits overnight, and dogs lor 24 h. Ll)5() values may differ by a factor 
of 2 when gavaged doses are ad mi n is t ere d to n on fasted animals."^'^ 

Hygiene and ambience are of prime imporlan<;e. Appendix B contains 
details ol' laboratory animal care and maintenance.Xriie impact of housing 
;md-animal care on lest results cannot be ov eremphasi/ed . 

. l^'c. \Vc(\!,ht, and Sc\ [ he responses of different agc-groupN are functions 
of organ maturation arul regression, as well as en/\ iiie aclivil\ development 
and scarcit). Dose responses differ acc wding lo llie age and weight of the test 
animal.'^ N'oung rcKlents do not have meir full eomplcnicnt of niixed-funct ion \ 
hcpal^e-oxidative en/ymes, but do have a complemenl of jtenjugating en- 
zymes. The reverse is true tor humans. ' ^ Older animals tenoro obesity with 
(consequent modifications ol distribution and storage of eliemicals. Older 
animals also have age-associatcd degeneration of the liver and kidney and 
both degeneration and regression of other organs and tissues. Patterns and 
rales ^of metabolism vars with age, strain, and species. The\ also x'iiry with 
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sex and among pregnant females, fistrus may modify female responses; 
pregnancy may cause drastic changes in responses. If females are to be used,' 
they should be nulliparous and nonpregnant. 

For LD50 determination.s, rats weighing from 200 to 250 g and mice 
weighing from 20 to 30 g are often u.sed. Pregnant animals should not be u.sed 
because of the changes in .sen.sitivity and biochWfistry of thedam.s. Immature 
animals^(21-35 days) may he used when attempting to estimate hazards to 
young hum-ans who are offn at greatest risk in regard to accidents involving 
household substai/ces. Hu^evcr, these studies should be performed in addition 
to, rather thanid VKf/ot) studies on^^waturc animals. A variety of rea.sons 
prompt this aprf-Oji^, not the least of which is to permit comparison of effects 
with other con!i(»*unds with as little variability as'po.ssible. 

Species and Strains oj Animals Rats and mice of various strains are most 
commonly u.sed for LD50 determinations. The principal advantage in using 
the.se animals is their relative uniformity and availability. In addition, many 
data have been accumulated on the.se species. However,' the results obtained 
with them may not be uniformly reliable in predicting humafi responses and 
may show responses quite different from tho.se of other species. 

With some compounds, strain differences may be important. The differing 
respon.ses of various species or strains to the acute t-ffecis of toxicants may 
be due to differences in absorption, distribution, excretion, and metabolism 
With all species, the test animals should be acclimatized to the environment 
prior to dosing. Excessive coprophagy can be prevented by housing rodents 
in suspension cages instead of with bedding. The number of animals hou.sed 
in individual cages should be uniform." Crowding of animals alters the 
measured LD50. Ideally each animjil should be individually caged, but this 
is often not po.s.sible within the resources available to test facilities. 

Preparation of Test Material Differences in the preparation of the test 
materials are probably responsible for many of the variations in LD50 values 
found in the literature for a given substance. This is in part (Jue to the vehicles 
used to dissolve, suspend, or dilute the material. This is particularly true of 
oil-.soluble materials. Preferably, liquid test materials should be given undi- 
luted. When dilution is nece.s.sary, water is the dilu(*t of choice if the test 
material is .soluble and stable in water. Corn or cottonseed oils, which are used 
to dilute oil-.soluble materials, may alter the ab.sorption of the test sub.stance 
The oils may aLso cau.se catharsis. Solvents with known toxic properties should 
be avoided. With microsyringes, most liquids can be administered undiluted 
in sufficiently small voluffie to permit an accurate LD50 determination. 

Whenever possible the actual product should be tesled: ■ ' 

It may be advisable to grind a solid in a ball mill or mortar before at- 
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tempting to put it in sol^jtion or su^ipcnsiun. W/icrc simple suspensions arc 
not feasible, it may be neeessary to use suspending agents sueh as carboxy- 
n>cthyleellulose or guar gum. Oil-soluble solids are often eneapsulated when 
dosing dogs, monkeys, and eais. ^ 



Tr:ST PRCX ^DlJRf' 

Route of Administration I lie oral "ruut'e is most eonimonly used in detcr- 
iiiinatiuns of median lethal dose. The dose is administered via soft rubber or 
polyethylene tubing or a large ball-tip needle. The maximum volume of liquid 
that can be given depends on the animal's si/e. With rats this is usually in the 
neighborhood of 4 or 5 ml, although as nuich as 1 0 to I 2 ml has been given, 
(ireat variability in concentration of test materials should be avoided. For 
materials that are insoluble in aqueous solution and that must be administered 
in oily vehicles, j .S to 2.0 nil is generally the upper limit bceaus(,^ of the laxative 
effect. The deterifiination of the LD^O of insoluble solids poses difficuK 
practical problems because of the largKamount of material that may have 
to be administered. The values may be diffifcult to interpret becauTy they may 
be the result of graphic extrapolation rather than specific measurements. An 
adequate estimate of ha/ard is obtained for most purposes if animals survive 
single oral dosages of 3 or t() g/kg. 

Ohsen ation Period The, time at which deaths occur or signs appear or ' 
subside may be important, particularly if there is any tendency for deaths 
to be delayed.^ It is characteristic of such compounds as alkylating agents that 
death may occur as late as the second week of observation or, in some eases, 
\ later, A 1 4-day observation pericxi is sufficient for i^iiost compounds. Animals 
demonstrating signs at the end of 14 days should be hold until they either 
recover or die. Duration of observation should not be fixed; rather, it is de- 
ter niined by. the toxic reactions, rate of onset, and' length of recovery period, 
The return of food consumption and/or body weights to control levels arc 
excellent indicators of recovery. When these are not achieved, the attamment 
of a plateau hiay be a signat to terminate the test. 

Recording oj Sif^ns Observations should be recorded systematically as they 
arc made. Separate records should be maintained for each animal. They may 
reveal more than one mechanism at a given dose level.'* Signs of intoxication 
may differ at different dosages. The onset and duration of signs of toxicity 
may suggest whether a pharmacologic action or organic damage has cKcurrcd/ ^ ■ 
While aheeksheets are helpful for many of the standard types of symptoms, 
recordejU observations must not be restricted to options provided in the'* 
/ ' ■ ^ ■ • -fl 
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chcckshccls. I^hysical examinations during acute toxicity tests should include, 
but are not linuted to. observations of signs in skin anMl'ur, eyes, and mucous 
tiRMnbrancs; genitourinary, gaslroiniestinal. respiraloryN;:irdiovascular, and 
aiUonomic and eentral nervous systems; and sonialoniolbr aciivilies. De- 
pending on clinical signs, investigators observing dogs and other large animals 
shoidd use hematology and clinical chemistry tests tor hepatotoxicity and 
nephrotoxicity. I^iriicular atlcniion should be directed to observatu^ns for 
the presence oT tremors, convulsions, salivation, diarrhea, lethargy, sleep, 
conui. food consumption, and body weight changes. espcK^ially if survival 
exceeds 1 day. Time todealh'arid rate oT recovery are ver> important toxicity 
parameters Delayed death may indicate significant potential for cumulative 
eltects. These observations will provide useful information regarding the 
biochemical and ph.irniacologica] effects of the compound. Organ damage 
mav be present wuhoiii fmiclional disturbances;' (unction;il disturbances 
ma\ be present without tissue iniur\ tlial is detectable by st.uidard hisio- 
pat ho logical techniques. - ^ 

H^V/^?/ Chan\^v of Annuals A severe toxic effect may sometimes be dis- 
covered by comparing the weights of treated animals with controls. Surviv ing 
animals should be weighed le;tst once during ;is well as at the end of a 
Unlay period. A record of food and water intake should be'maintained. 
Starvation inlluenees pharniacologie;il responses as well ai.the weight and 
Water content of several organs.^'^^ 

Si'iTopsics Necropsies of some of the surviving animals, as well as of those 
[Wax die shortly after dosing. ma\ provide valuable clues tii the t>pe of toxic 
effect produeeii by the Test compound, therefore, they should be a pact of 
the general procedure, (iross pathological changes uf the intestinal tract and 
of such organs as liver, kuiness, and spleen ma\ be noted. It there is evidence 
ol gross pathology. delerminTuion of the histopatholog\ of the in\ol\ed 
structures should be cofisidjcred 

hvuluiiliDn IdealK , to assess puteiiiial he.ilth fia/ards to humans, to\u;ii\ 
siuijies would he conducted onlv m those species of animals whose metabolism 
ot the eompoufid is sinular to humans. Because comparative metabolism is 
unknov\ n for man\ materials, and because studies in humans are rarelv Tea- 
sible. rinlent.s make gixxl initial tesi subjects. W hile extrapolation of the results 
to hurmms may not abvays bi\ valid, the correlation is reasonably good for 
sin)^liM)ral doses. Materials highly toxic to rodents generallv are highly toxic 
to Humans. Relatively innocuous substances in one s[)ecies are often quite 
harmless to the other. Relative sensitivity of various species is ot'ten more 
relevant for subchnuue and chrome toxicitv studies. Acute toxicit> testing. 
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if necessary, can be conducted in several speeies. A .similar degree of toxicity 
in several species indicates that toxicity to humans probably would be eonv 
parable. Marked variation in the responses ofditTerent speeies calls for the 
assumption that man is at least as sensitive as the most sensitive speeies 
sludjcd. 

SUBCMRONIC IN(il S I ION 

Subchronic studies are designed to detern)inc the adverse effects of regularly 
repeated exp<.)surc^ over periixis ranging from a few days to () months. Usually 
the study parameters are well defmed. The exposure levels are normally lower 
than those found in acute studies. Death is usually not the end point, and the 
routes of exposure normally inchide the anticipated route ofexposure for man. 
The mtent is to dcHne a level that produces "no observod effeet.s" and a higher 
level that produces any adverse effect. ^ 

The evaluation procedures are generally more extensive and detailed than 
those used U> support acute studies. These procedurcsanay include neuro- 
logical, behavioral, physiological, biochemical, hematological, and urine 
analyses, as well as food jntake,, body weight, and clinical observations. 
Postmortem studies, including gross and hiicroscopic pathology, organ 
weights, and o-rgan/budy weight ratios are performed. 

Quantitative measurements are made serially for most of these observa- 
tions. All quantitative data should be examined by statistical comparison of 
treated and control animals. Definition of central tendency and test-popu- 
>lation variability are analyzed whenever possible. 

Studies nuiy be conducted with either immature or mature animals. The^ 
human' population at risk should guide selection. C are should be taken to 
determine if a higher dose acting on a specific site jTroduces a different effect 
from that produced by a lower dose, as different diviagfs may affect different 
target organs and different target sites. Test materials may be given either 
by gavage or added to the tliet or water. Acceptability to the animals of test 
diets should be considered w hen selecting the method of dosing, paired feeding 
studies may be required lo demonstrate whether reduced food intake at high 
dose levels is a function of rejection of diet or toxic manifestation. Water 
consumption may be measured if indicated by test conditions. 

If the test substance is lo be added to the diet, the concentration may be 
expressed in parts of toxicant, by weight, per nullion parts^of diet (ppm). 
Because the amount of food ingested in relation to bt)dy weight varies with 
age. a fixed concentration in the diet yields a decreasmg dosage as the animal 
matures. When a more constant dosage is desired, the concentration of the 
toxicant in the food may be adjusted as the amount of food con.sumptinn 
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changes so th3t a constant milligram per kilogram of body weight dosage is 
approximated. As the animals mature, the need for adjustment of the toxicant 
concentration in the diet disappears. 

It is again preferable to i^etect species whose metabolism of a toxicant is 
judged to be similar to that^^umans. More specific information regarding 
the principles for the design of target-organ system studies is found in the 
National Academy of Sciences publication^ Principles for Evaluating 
Chemicals in the Environment 

The same production lot of a toxicant should be used for the entire sub- 
chronic study. If this is not possible, each batch of tfic test material mi^st be 
chemically characterized. 'Qualitative and quantitative physicochemicaJ 
methods (mass, infrared, or ultraviolet spectroscopy, etc.) may be used to 
monitor the contaminant and measure its stability. If the substanoCis ad- 
ministered in drinking water, water consumption must be measunM, 

Other factors, such as bioavailability, may influence test rcsult{and ulti- 
mate interpretation of data; however, it is not always practical to consider 
them. 

Subacute studies require the use of a control group^rawn from the same 
animal population as the test groups. Controls should be treated identically 
to test animals in all respects. Ideally, the only unique difference between test 
and control animals should be the presence or absence of the stresses produced 
by the test substance. 



EVALUATION OF THE ASPIRATION HAZARDS OF LIQUIDS 

Aspiration is the inspiratory sucking into the lungs of a liquid or foreign body. 
An, aspiration hazard exists when a substance can enter the lungs, whereas 
aspiration toxicity involves the type and extent of damage that is produced 
m the lungs. As in other toxicologic events, physical and/or pharmacologic 
effects may be observed. A physical effect may be characterized by local 
damage caused by irritants or corrosives and pharmacologic effects by sys- 
temic respiratory depressants. 

The accidental aspiration of liquids from the mouth occurs in just a few 
seconds. During this brief time, the liquid flows from the back of the mouth 
through the glottis and into the respiratory tract. The volume of liquid aspi- 
rated is self-limiting in a conscious individual. As soon as the liquid enters 
the lung, normal physiological reflexes oppose further entry of liquid. These 
responses are a momentary reflex cessation of breathing and the more active, 
expulsive mechanlsm^f coughing. 

Some potentially hazardous liquids, commonly found in the home, can 
readily be aspirated if ingested. Liquids such as benzene, toluene, xylene, and 
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petroleum distillates are listed as special hazards in the Federal HazaSfpus 
Substances Act Regulations [16 Code of Federal Regulation^ (CFR) 
I 500.14].^ Aspiration of these liquids can produce chemical pneumonitis, 
pneumonia, and pulmonary edema. The Regulations require certain cau- 
tionary statements on the labels of those consumer products that contain 10 
percent w/w of these substances [16 CFR 1500.14(b)(3)] and that have 
viscosities below lOOSaybolt Universal Seconds (SUS) at 38°C (1 00° F) [16 
CFR 1500.83(a)(13)]. • 

Many liquids have a low degree of toxicity when administered orally but 
are hazardous if aspirated. For kerosene, the ratio of the oral LD50 to the 
intratracheal LD50 is 1 40 to I in the rat. This gives some idea of the relative 
magnitude of toxicity by. these routes. The volume of a single swallow in 
a chiM in the age-group at highest risk (I to 5 yr) is approximately I tea- 
spoonful.'^ Arena' suggested that aspiration of as little as 0.5 teaspoonful 
(2.5 ml) of kerosene could produce death in a young,child. The aspiration of 
I ml of kerosene directly into the lungs of a child can produce severe chemical 
pneumonitis.^ 

The percentage of a mouthful of liquid that is aspirated either during 
drinking or emesis has not been determined. Rat data have shown that the 
amount of a petroleum distillatejhatcan be aspirated is inversely proportional 
to its viscosity. / 

The viscosity of a liquid determines the probability of its being aspirated. 
Animal experiments have shown that aspirated petroleum distillates, and 
products that contain them» having viscosities below 100 sus at 38°C produce 
the greatest increases in lung weight and mortality. These substances gen- 
erally produce aspiration LD50's of approximately I ml/kg. Because distil- 
lates and products containing petroleum distillates have higher viscosities, 
they produce less lung edema and mortality in 24 h, while exhibiting aspi- 
ration LDSO's of 2 to 3 ml/kg.22 

Usiflg radiolabeled petroleum distillates, investigators have demonstrated 
in rats that approximately 70 percent of an oral dose ( I ml/kg) is aspirated 
when a petroleum distillate with a viscosity of 30 SUS at 38°C is administered. 
When the viscosity is increased to 363 SUS at 38°C, approximately 40 percent 
of the same dose is aspirated. 

Volume is also a determinant. About 70 percent of a I ml/kg dose (30sus 
at 38°C) can be aspirated in contrast to approximately 3 percent of a 0.1 
ml/kg dose of the same oil.^' This clearly indicates that the amount of liquid, 
that enters4he lung is determined by the dose and its viscosity. 

Rat data have also confirmed the aspiration hazards of high-viscosity oils 
(above 100 SUS at 38°C). Investigators have observed a delayed (14 days 
postaspiration) inflammatory, lipoid pneumonia response in the lungs. 22 

Surface tension (which is the measure of the spreading tendency of a liquid) 
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might also be expected to influence the pulmonary distribution of an aspirated 
liquid. Surface tension of petroleum distillates varies only slightly in contrast 
to their wide range of viscosities. Therefore, surface tension is not an im- 
portant factor in therangeof aspiration toxicityof various petroleum distil- 
lates. However, it may significant for aspirable substances other than pe- 
troleum distillates. 

TEST PROCEDURH . , 

Approximately 25 percent of a petroleum distillate dose (I mg/kg) enters 
the lungs when it is instilled in the trachea as compared to 70 percent when 
applied by the method described by Gerarde'^ and modified by Osterberg 
e( al.-^ The modified method relies on the production of increased lung weight 
and/or lung/body weight ratio, higher mortality ratio, and altered physical 
appearance of the lungs. A combination of these factors is used as a basis for 
predicting potential aspiration hazard. The dose volumes used reflect acci- 
dental ingestion levels of children, based on a 10-kg child. 

Although test methods described below focus on petroleum distillates, they 
are also applicable to other liquids. 

In the modified method albino rats of either sex, weighing from 200 to 300 
g, are used. The rats are anesthetized with ethyl ether to the point of slow 
diaphragmatic breathing, which may be rapidly followed by apnea. The 
anesthetized rat is placed in a supine position at an approximate 120° angle 
to the table top, with its head elevated. Its mouth is held open by a hemoftat 
inserted between the jaws. The tongue is pulled forward and held with forceps. 
This prevents the swallowing reflex. Doses of 0.25, 0.5, or 1 .0 ml/kg are de- 
livered into the rear portion of the mouth near the tracheal orifice. The nostrils 
are held closed by the investigator's fingers, thereby forcing the rat to breathe 
through its mouth. The rat is maintained in that position until either the 
characteristic sounds of one or two aspiration*, (slurps) are heard and the 
investigator judges that the test material has entered the trachea or the rat 
shows signs of regaining consciousness. The nostrils and tongue are then re- 
leased, and the rat is returned to a holding cage. If the investigator believes 
that the rat has not aspirated the dose, that animal is eliminated from the' 
test. 

Control groups of rats receive distilled water in place of an oil. Following 
aspiration all rats are observed for 24 h and given free access to food and 
water. The lungs of those rats that die arc immediately removed and weighted. 
Animals showing signs of rigor mortis are not used due to postmortem 
changes. Twenty-four-hour survivors are exsanguinated following ether 
anesthesia. Their lungs are also quickly removed. Only lungs that show no 
external signs of overt murine pneumonia or of trauma are used. 
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The lungs are gently blotted on disposable tissues o: gauze sponges. Lung 
>yeights are obtai'ned to the nearest centigram (0.01 g). Analyses of lung 
weight and lung/body weightratios and mortality data can be compared with 
the control ^roup using standard statistical tests. Surgical excision techniques 
must be standardized to avoid surgically induced variations in lung/body 
weight ratios. 

EVALUATION 

Products are considered to be hazardous if they produce either statistically 
significant increases in lung/body weight ratios with visible lung congestion 
in surviving rats, more than a 25 percent increase in lung weight, or a statis- 
tically significant mortality ratio in the test group. 
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Dermal-and Eye 
Toxicity Tests 



This chapter is concerned with several types of tests commonly used to as- 
sess acute hazards of chemicals to skin and eyes. In addition, types of hazards 
for which there are presently no standard tests are included in order to address 
a perceived need for such tests. 

For several years much attention has been given to improving the repro- 
ducibility and reliability of some of these tests through standardization of 
technique and interpretation. Relatively little attention has been directed to 
the toxicological principles upon which the tests are based. Therefore, this 
chapter places more emphasis on these principles. Doing so has led to some 
suggestions for departures from or alternatives to present/familiar procedures 
ahat have recognized deficiencies. The fundamental guideline has been that, 
to predict hazard ta humans, a test result must be gauged against standards 
for which human response or experience is known. 

Whether or not a new test is needed or changes in an existing test are in 
order, standardization of any procedure should involve extensive interlabo- 
ratory validation and a program for uniform training of persons who will 
perforiti and interpret it. 



ACUTE DERMy^L TOXICITY 

A test for acute dermal toxicity §hould evaluate the potential for systemic 
toxic effects of chemicals expected to come in contact with the skin. In practice 
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this is done by determining the median lethal dose (LD50) of a single dermal 
c^posurd to the'aninial species under test. As that LD50 is used in hazard 
evaluation of household substanceji, the test conditions should be related to 
anticipated human exposure. o 

Dermal toxicity is one of the three categories of toxicity defined by route 
of exposure in the Federal Hazardous Substances Act (fhsa). This act 
further defines a ''highly toxic" substance in this category as one that ''pro- 
duetts death within fourteen days in half or more than half of a groirp of tqn 
or more rabbits tested in a dosage of' two hundred milligrams or less per*" 
kilogram of body weight, when administered by continuous contact with the 
bare skin for twenty-four hours or less" [16 CFR 1 500.3(b)(6)(i)(C); see 
Appendix A]. An alternative definition for "highly toxic" and one for "toxic" " 
by the dermal route appear in more conventional toxicological terms in the 
LHSA Regulatioftj [ 1 500.3(c)( 1 )(ii)(C) and (2)(iii)]. A description of a test 
method that specifies the use of rabbits appears in the same document 
( 1 500.40; see Appendix A). These statmory definitions place constraints on 
the conduct of acute dermal toxicity tests performed in accordance wfth 
present regulations. Nevertheless, in the following discu'ssion, attention will 
be given, where appropriate, to principles and procedures that are desirable 
alternatives to those-presently specified. . 

^y^' ' ' • 

•7 " 

TEST PREPARATION ^ . 

The dcrmaJ toxicity test in rabbJls specified in the FHSA Regulations is de- 
scribed by Draize ei al.^^ They suggest using, in Edition to rabbits, such 
animal species as the mouSe, rat, guinea pig, or dog. The monkey, cat, goat, ^ 
and swine have also been used."*^ The adult albino rabbit has bpen the pre- 
ferred species for such reasons as size, ease of handling, and restraint, and 
because its skin is the most permeable of aH species studied. Ftowever, the 
rabbit appears to be afmost exquisitely sensitive^ dermal insult, and elicited 
reactions may not be valid for humans. The skin of swine and the guinea pig 
have permeability characteristics more like those of humans. The albino rat 
is somewhat less reactive than the rabbit and more reactive t-han the guinea 
pig or humans. The rat should be a preferred species' because it is the one most 
used for LD50 studies by other routes of exposure and for other types of 
toxicological studies. '■♦'^^ Also, there are more sources supplying high-quality, 
disease-free. rats than of like quality rabbits in the United States. 

The following weight ranges are suggested: male rats, 200 to 3O0 g; female 
rats, 180 to 250 g; rabbits (=male or female), 2.3 to 3.5 kg (cf. 1500.3 and 
1500.40 for specific-requirements); male guinea pigs, 350 to 4^0 g; and female 
guinea pigs, 400 to 425 g. Shortly before testing, fur from the trunk of healthy, 
previously unused animals should be clipped so that no less than 10 percent 
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of the body surface area is available for application of material. Care should 
be taken to avoid abrading the skin, which could alter its permeability. The 
pr*esent ruSA Regulations calls for making epidermal abrasions every 2 or 
3 cm longitudinally over the area of exposure on "approximately one-half 
of the animals." In testing of household products it would be more appropriate 
to conduct tests on normal, intact skin. Reasons for tlyis are given in the section 
on skin irritancy testing. However, if a dermal LD50 for abraded skin is de- 
sired, the skin of test animals should be abraded. 

THST PROCE{DURr{ 

The material to be evaluated should usually be tested in its commercial form 
unless this form is unlikely to come in contact with the human skin. With 
solids, it may be desirable to moisten the skin and the test material with saline, 
f-inely.divided solids can be applied uniformly to gauze, which is then placed 
against the skin. F'or some applications it may be appropriate or necessary 
to use a vehicle. If such is the case, any effect of the vehicle on the penetration 
of the test compound should be established.*^*^ 

The maximum quantity of a liquid test substance to be applied is 2 ml/kg; 
for a solid or semisolid test substance, the maximum is 2 g/kg of body weight. 
The dose should be applied uniformly over. not less than 10 percent of the body 
surface area, but not more than 30 percent. At least three doses should be 
tested to permit adequate a.ssessment of dose-response relationship?^ Animals 
should be restrained during applicjition ofnhe material. 

The test dose must remain in contact with the skin throughout the exposure 
period. In some procedures, e.g., for liquids, this is done by applying the dose 
inside an impermeable cuff made of rubber dam or plastic film. Such devices 
occlude the skin, thereby enhancing penetration and potential toxicity of the 
lest material. For this reason routine use of occlusive dressings is not reC: 
ommended unless anticipated human exposure warrarjits it. Liquid or solid 
doses can be held in contact with the skin with a porous gauze dressing. 

A 4-h exposure recommended unless continuous skin contact is antici- 
pated in humans. Weil et al.^^ found that the rat 4-h dermal LD50's and the 
rabbit 24-h dermifl LD50\ tend to rank materials in the same order. 

During a 4-h exposure, animals can be prevented from ingesting the test 
material by immobilizing them. During exposures as long as 24-h, immo- 
bilization of rabbits or guinea pigs may impose undesirable stress. Restrainers 
that permit animals to move about their cages, pJus some form of screen or 
other device to cover the applied material, may be useful in such cases. Rat's, 
having far greater agility, require more restraint than rabbits. When animals 
are tested with volatile substances having appreciable toxicity, it is also im- 
portant to prevent inhalation exposure.-^^ 
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The number of animals per dosage group depends on the level of statistical 
confidence desired. Ten animals per dose is recommended in most cases. For 
materials pf anticipated low toxicity, an initial range-finding dose of 2 g/kg 
of body weight applied to five or more animals may be sufficient to demon- 
strate a lack of appreciable dermal Ijoxicity. 

At the end of the exposure period, any residual material is gently removed 
with a gauze compress, the exposed area examined, and any lesions noted (see 
section below on skin irritation). Animals are then returned to their individual 
cages with ad libitum access to feed and water. For 14 days the animals 
should be examined at least daily for signs of systemic toxicity and localized 
dermal reactions. 

The method of calculating the acute dermal LD50 is the same as that de- 
scribed in Chapter. 2 for the acute oral LD50 for animals. 

All animals that succumb or are moribund are necropsied. At the end of 
the 14-day observation period, all survivors are subjected to a thorough ex- 
amination, including examination^pf -the exposed area of skin. They are then 
""sacrificed and necropsied. The degree of skin irritation, signs of intoxication, 
^changes in body weight, mortality, and gross pathological findings as a 
function of dose and time are noted. 



EVALUATION 

The acute dermal LD50, as well as the acute oral LD50, are convenient for 
estimating toxic hazard. Although there is always risk in extrapolation from 
animals to humans, it is usually safq to presume that substances with lower 
dermal LD50's in animals will be potentially more toxic to humans than those 
with higher j^^D^O's. On the other hand, predictions of dermal versus oral 
toxicity in humans are more difficult, especially if the dermal and oral 
measurements are made in different animal species. Therefore, there is an 
important advantage in having both tests done with the same species, e:g., 
the rat. < 



PERCUTANEOUS PENETRATION 

\ ^ . , 

Percutaneous penetration refers to the transfer of a chemical from the skin s 

' surface into the body, including entering the epidermis and the dermis, and 

systemic absorption. Various methods measure different-aspects. The kinetics 

of percutaneous penetration comprise at least 10 steps, not all of which can 

readily be quantitated.'*'* The extent of a chemical's penetration of human 
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skin must be determined to ensure prudent extrapolations from acute and 
chronic toxicological data that have been generated in animal assays. 

The two animals whose percutaneous penetration is closest to humans arc 
the monkey and the domestic swine.^'^^'^^'^^ Unfortunately, correlation data 
are available for only a few compounds. Data exist for only one anatomical 
site — the forearm. Animals can be reused when the chemical is no longer 
detectable. 

Percutaneous penetration is dose-related; however, it is not necessarily 
linear and depends on, the compound and the vehicle. The dose should be 
determined in relation to probable human exposure. Most published exper- 
imental human data are for doses of 4 /xg/cm^. If practical, the anatomical 
site dosed should be relevant to the eventual human exposure. The number 
of animals must be determined on the basis of the information that will be 
required. The variation in percutaneous penetration is large. In groups of three 
to six animals, a standard deviation of 30 percent can be expected. « 

Vehicle selection is important. Volatile solvents such as acetone have been 
widely used because they cvaporatfe rapidly, leaving the test chemical in place. 
Most percutaneous penetration studies are single exposures. It is convenient 
to express application quantities in micrograms/square centimeter. Multiple 
dosing may not necessarily produce more penetration than one dose. One or 
more standard compounds should be included in the test series to facilitate 
comparison with the known animal and human toxicological data. 

Most percutaneous penetration studies performed in animals quantilate 
a chemical or a radioactive tracer appearing in the urine, feces, bile, and 
sometimes in the expired air. The skin may hold chemicals for long periods; 
therefore, collection of biological fluid will usually last for a minimum of 5 
days. The method of quantitation may be chemical, a radioactivity mea- 
surement, a radioimmunoassay, or other. It is customary to express the 
amount of absorption in terms of the dose applied. It is mandatory to.ascertain 
whether the chemical would in fact be excreted and not slored in the body. 
A parenteral control is obtained, usually by intravenous dosing of a similar 
tracer dcxse of the chemical chosen in relationship to the amount that might 
penetrate. If 50 percent of the dose was accounted for in the urine on the basis 
of the intravenous control, the penetration from the skin would be assun^d 
to be at least twice that measured ia the urine. 

Considerable information is available from human testing, which can 
usually be performed rapidly and safely once the appropriate animal toxi- 
cology has been completed. There is some correlation between in vitro data 
obtained with human skin and in vivo data from human testing,'^'^^ but the 
relationship must be better understood before in intra tests can be used for 
routine screening of chemicals. 
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SKIN IRRITATION 

A reliable lest for skin irritation should provide a means for differentiating 
among substances that will produce different , degrees of irritation or corrosion 
of the skin. In this context, irritation is the local inflammatory response of 
normal living skin to direct injury by single, repeated, or prolonged contact 
with a chemical agent without the involvement of an immunologic mecha- 
nism. The macroscopic manifestations are erythema and edema. Corrosion 
IS direct chemical action on normal living skin that results in its disintegration 
and irreversible alteration at the site of contact. Its important manifestations 
arc ulceration, necrosis, and, with time, the formation of scar tissue. It is 
especially i^nportant to be able to distinguish between materials that will 
produce minor or inconsequential degrees of skin irritation from materials 
that can produce substantial irritant or corrosive injury as a result of cus- 
tomary or accidental exposure. 

The voluminous literature on primary irritation test met'hods lacks con- 
sensus on the animal model or procedure most likely to give accurate and 
dependable results. Test procedures for human subjects are as numerous as 
those for animals, suggesting that the problem does not lie solely in selection 
of the test species. The most standardized animal procedure is that of Draize 
et alM as it is adopted for household products in .16 CPR 1500.41 (see Ap- 
pendix A). This is a 24-h, seiniocclusivc patch test of a full-strength product 
on both intact and abraded skin of albino rabbits. A' modification with ex- 
posure time shortened to 4 h and the detailed evaluation of corrosive effects 
has been proposed.^"^ This proposal, with the requirement for testing abraded 
skin deleted, has been adopted by the Department of Transportation for 
identifying corrosive substances (49 ci r 173.240; sec Appendix A). 

The effects on skin of various fojms of products concern manufacturers, 
consumers, and regulatory bodies. They should be considered in any safety 
assessment of household substances. There may be skin irritation hazards 
during the use of products in undiluted, diluted, or mixed form. Discussion 
here, however, must be limited to the testing of undiluted materials as they^ 
are obtained in their original packages. It is not feasible to discuss in proper 
balance the testing of all customary forms of products to which one might 
be exposed. Furthermore, the discussion will be limited to tests involving single 
exposure with the recognition that they will not reveal cumulative effects that 
could result from recurrent ex^posures under realistic conditions of use. If 
cumulative effects are of concern, they can be evaluated by other tech- 
niques. 
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THST, PRHPARATION: ANIMAL TEiSTINCi ^ 

Most df the conventional laboratory animals and some of the more exotfc , 
species and domestic breeds have been tried in skin irritancy testing. None 
provide pej-fcct models for human skin. The albino guinea pig and albino 
rabbit, though commonly used, lack the human repertoire of responses to skin 
irritants. They show only degrees of erythema and edema. Both species, but 
especially the rabbit, react more strongly than humans to mild-to-moderate 
irritants. In fact, some materials that appear unsafe when tested on rabbits 
may be nonirritating to human skin.*^'^^' The response of guinea pig sk'\n is 
more like that of human skin over a wide range of materials. In addition, the 
guinea pig's requirement for space and caging fs more economical. For these 
reasons the guinea pig is preferable to the rabbit. ^^-^^ Young adult guinea 
pigs of the albino Hartley strain arc suitable. The New Zealand white is most 
often specified if a test on rabbits is dell red. 

TI-ST PROCEDURE: ANIMAL TESTING 

The usual procedure is to place 0.5 g of the test substance on the skin under 
a gauze pad or other inert, semiabsorbcnt material. Liquids and semisolids 

xan be applied directly, but solids, powders, and the like should be moistened 
with solvent. A 50 percent slurry or solution is convenient. Various sizes of 
patch have been prescribed,' ''•^^ ranging from less than 1 to 4 in.- This de- 
termines the dose per unit area of skin that affects the amount of response. 
As most existing data have been obtained using the Draize procedure, 0.5 
g on a 1-in.- pad (i.e., 0.5 g/in.^.), the same size patch is desirable for inter- 
laboratory comparability. Several patch materials can be used effectively, 
including 2-ply or 1 2-ply gauze, nonwoven cotton fabric, or cellulose pads. 
The material- selected should be inert to the test material. It should also be 
capable of containing a liquid or moist material without completely absorbing 
it and t^|;i|feb£ reduci with the skin. 

To prepare anirfta Is, the fur should be clipped frorr^ ihtir backs, taking care - 
not to scrape the skin. Two patches can be applied to a giMfiea pig, one laeithcr 
side. of the midline of the back. Four patches can be placed on a rabbit. The 
patches arc held in place with narrow strips of adhesive tape. A porous type 
of tape is preferred to minimize occlu*sion. 

After the desired number of patches is applied, the animal should be loosely 
wrapped with a scmiocclusivc covering such as rubberized cloth or stockinette. 
This secures the patches and prevents their removal by the animal. The 

i placement of collars on anim^Os may also prevent them from removing the 
patches. For a short application period, an alternative is to restrain the ani- 

. ma Is, 

Faeh material should be applied to test silcs on six separate animals. By 



30 



IVAIDATlNti Till- TOXKirY OF 1 1 Ol JS I! H D SUHSTANCF'S 

using -two sites on each guinea pig, it is possible to test two materials on each 
. animal. 

In any>gri)up of materials to be tested, it is desirable to include a comparison 
standard of known human skin irritancy. The composition and properties of 
this material should be similar to the test substance, if possible. The most 
useful controls are those that can be compared to human response. 

The Drai/.e prcKedure and that described in 16 R 1 500.41 (see Appendix 
A).call for an equal number of skin sites to be abraded before application of 
the test material. This may be appropriate for (esting drugs and cosmetics 
intended fo^ use on diseased or damaged skin, but it provides no relevant in- 
formation on other types of products. The skin of laboratory animals is usyally 
more reactive than human skin. Abraded skin imposes an additional degree 
. of exaggeration that is difficult to interpret. In addition, abrasion techniques 
are difficult to standardize. Nixon et al.''^ have shown that classifications 
of irritancy based only on intact skin are not usually different from thos.c using 
abraded skin. Therefore, the use of abraded skin is not recommended. 

It has been recommended that the 24-h patch test of Draize be shortened 
to 4 h when testing household substances'-' and materials transported inter- 
state (49c kr 173.240;see Appendix A). Exposures to household* substances 
are usually of short duration. This modification precludes exaggerated ex- 
posure of animal skin that is more reactive than human skin. The Committee 
recommends a 4-h application of tH^atch test. However, there may be types 
of products for which either longer or shorter patch tests would approximate 
use exposures more realistically. For example, it might be satisfactory to use 
a shorter application time for materials that will evaporate and be less likely 
to remain on the skin. Nonvolatile residues from compositions that are pre; 
dominantly volatile may be tested by first allowing a few minutes for evap- 
oration before applying or covering the patch. At the end of the 4-h period, 
the patches should be removed and the skin site^ently cleansed with water. 
To remove some substances, it may be necessary to use a nonirritating solvent 
other than water. If there is any doubt about irritancy, control sites should 
be tested with empty or water-moistened patches and then cleaned with the 
desired solvent to establish a baseline response. For materials that are very 
difficult or impossible to renK^Ve from the skin, it may be necessary to read 
peripheral areas or take skin sections for histological examination. 



FVALUATION: ANIMAL TESTING 

After removal of the test materials, 30 to 60 min s[jould lapse before the patch 
sites are read to allow sufficient time for pressure and hydration effects to 
subside. Additional readings should be made 24 and 72 h after the patch 
application. On the other hand, persistent effects such as corrosion are better 
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determined at 7 days. In some cases, it may be useful to retain animals for 
2 wk after application. Because such delayed readings usually only confirm 
effects scen at 7 days, their value should be measured against the cost of 
maintaining the animals. ^ 

Responses after 4, 24, and 72 h arc conveniently scored by using the dual, 
erythema-edema scale of Draizc i^/ a/.'** [ 



Erythema and Eschar Formation \ 

No erythema ' \ 

Very slight erythema (barely perceptible) I 

Well-defined erythema 2 

Moderate to severe erythema , 3 

Severe erythema (beet redness) to slight eschar formation (injuries in 4epth) 4 

lotal possible erythema score 4 

Edema h'ormgtion 

, No edema ' ■ 0 

Very ^^^t edema (bareiy'perceptible) . ' 1 

Slight edema (edges of area well defined by definite raising) ' 2 

Moderate edema (raised approximately 1 mm ) V 3 

' Severe edetna (raised more than 1 mm and cxtendingSjio'ond area of exposure) ^ 4 

Total possible edema score - \ 4 



It is customary to add the erythema and edema pcores at each grading, 
though this gives equal weight to the separate paripieters and may not be 
entirely appropriate for some types of reactions. Different types of materials 
may produce maximum irritant responses at differelU-rtmes-. As the practice 
of averaging scores taken at various times (e.g., 4, 24, and 72 h) tends to ob- 
scure peak responses, it would be better to base the irritancy evaluation on 
only the highest mean score for the test group at either 4, 24, or 72 h. 

Persisten^or delayed effects, such as those seen at 7 or 1 4 days, should not 
be graded by the irritation scale used for acute responses; they should be 
evaluated for presence and extent of ulceration necrosis orjicarring. 

It is tempting to assign categories of irritancy to ranges of scores or irri- 
tation indices, as this would seem to simplify predictive evaluations. Unfor- 
tunately, absolute scores are subject to corisiderable inter- and intralaboratory 
variation. Though such variation might be reduced by more standardized 
training in test techniques, the evaluation of test scores relative to comparison 
standarxis with which there is human experience is a more reliabje approach. 
The irritation score obtained with the test substance is compared with that 
of a known nonirfitant or irritant with similar chemical and physical prop- 
erties and rated ac<:ordingly. Comparison standards may also be used in 
predicting degrees of corrosiveness. 
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TF-ST PRFPARATION: HUMAN TESTING 

When appropriate, e.g., following a screening lest in animals and with" proper 
attention to ethics, tests on human volunteers are preferred to animal tests 
if it is important to avoid the uncertainties of interspecies extrapolation. 
Human subjects should be of consenting age and may be ofeithersex. It has 
not been shown that one race is morc^esponsive to irritants than another, 
though slight inllammatory reactions are mora easily detected on light skin.^^ 
Tests for skin irritancy with human subjects iViay be performed if responses 
are generally limited to superficiaHnflammatory effects and do not injure 
the subject. Materials of unknown or unfamiliar composition should be tested 
first on animal skin to establish the conditions under which they can safely 
be applied to humans. If a substance could be a strong sensitizer or be uniquely 
damaging to human skin, trial exposures of short duration or with diluted 
material should be made. These precautions should ensure testing of sub- 
stances without causing .severe responses. Before any test involving experi- 
mental exposures of humans, fully informed consent of the subjects should 
be obtained. 

THST PROCHDIJRE-: HUMAN Ti:STlN(; 

II is desirable to use more human than animal subjects in patch testing be- 
cause ol the greater range of individual variability among human volunteers. 
Ten subjects is a'satisfactory number in an acute test. 

The \ \\S\ defines an irritant by the response it produces on normal living 
tissue. Therefore, the use of abraded skin is not recommended. Also, pig- < 
mentary changes within abrasions will sometimes leave undesirable marks 
on the skin. 

The priKedure is similar to that used with animals. Patches may be applied 
tothe intra.scapulararea of the back or ta>he dorsal surfaceof the upper arms. 
Because K to 10 patches can be applied to each subject, I or more patches for 
comparison standards can be applied simultaneously. In place of the wrapping 
around the bodies of animaLs, a large piece of porous adhesive tape can be 
used to hold patches on human subjects. Care should be taken to vary sys- 
tematically the order that patches are placed on a test group of subjects, be- 
cause some patch locations receive more pressure than others and have better 
contact. This pressure could be caused by clothing, leaning against chair 
backs, and so forth, Skin reactivity can also differ from onp region of the body 
to another, 

A single exposure of 4 h is suggested, though it may be necessary (and 
suti icient) to use shorter exposures with strong irritants or very volatile ma- 
terials. Subjects should be instructed to remove patches immediately if they 
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cause pain or unusual discomfort: During continued exposure, pain may di- 
minish while damage is increasing. In such a case the patch site should be 
examined as .soon as possible after the patch is removed. 

At the end of the exposure pericxi, patches should be removed and the skin 
cleansed with water or a nonirriti > solvent to remove residual material. 



EVAIAJATION: HUMAN TJiSTlNO 

The responses at eaeh'patch site should be evaluated 30 min to I h after re- 
moval?)!* the patch to allow time for pressure'and hydration effects to subside 
and again 24 h after the patch was removed. Each patch site should also be 
examined 3 to 4 days after application to determine if any delayed or per- 
sistent reactions are present. 

There are many scales for scoring human skin responses. Some of them 
rate separately such visible responses as redness and swelling. Other scales 
mtegrate redness and swelling and may also include sueh phenomena as pa- 
pule formation and vesiculation. The points on any scale are arbitrary. The 
adding of .separate scale points or averaging scores involves quantitative as- 
sumptions about data that are primarily judgmental. Nevertheless, it is a 
common and convenient practice to calculate means or indexes from scores, 
obtained in this way. 

The dual Draize scales for redness and swelling can be used for grading 
human skin responses. They are easy to learn, but have no provision for scoring 
papular, vesicular, or bullous reactions or reactions that spread beyond the 
site of application. F or this reason, many investigators prefer an integraned 
scale sueh as the following one, which is based on the scale of Mar/ulli and 
Maibach:-^^ 

no response ; 
questionable or taint, iridishiiet. ery tlii^nia 
well-clet'ined erythema . 
crythL^iia with slij.'lit-to-inc>dcrate edema 

vesKules {small blisters) or papules (small circuniseribed elevations) 
bullous (lar^c blister), spreading, or otlier severe reaeticin 

Scores assigned from tiiis scale may be averaged for all subjects and 
compared with the average score produced by standards of known irritancy. 
If thcaverage score for the test material differs markedly from that for the 
standard (e.g., 1 .0), it is advisable to retest it against another standard. This 
will l^ermit a more precise prediction of its potential irritancy. 
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PHOTOTOXICITY 

A photiHoxic response refers to irritation (not immunologically mediated) 
that depends on light exposure for its presence. This docs not refer to irritation 
occurring without ultraviolet light, nor to that which is only aggravated by 
light. The latter is a secondary response and is an additive irritant effect. The 
purpose of testing is to determine whether a chemical has phototoxic potential. 
The phototoxic chemical studied most extensively is bergapten (5-niethox- 
ypsoralen). for which the hairless mouse, the rabbit, and humans have similar, 
particuhirly strong reactions. The guinea pig and swine show less response: 
the squirrel, monkey, and hamster are refractory to bergapten. 

ThST PROCHDURK 

* Animals are exposed by applying the chemical in a solvent. It is important 
U) be aware of the possibility that solvents may react with the chemical or 
otherwise absorb energy on exposure to ultraviolet light, thereby altering the 
test situation significantly. Dosing should be on a microgram- or milli- 
gram-per-square-cenlirneter basis, simplifying the extrapolation to dosing 
in humans. The skin site can be conveniently demarcated with a marking pen. 
The chemical can be delivered to the skin with a micropipette. Following 
application, the animals are exposed to ultraviolet light from a high-output 
source. Most responses to phototoxic chemicals are elicited by high-intensity, 
ultraviolet light above 3 1 0 nni. This simplifies testing, as it is possible to filter 
out shorter, erythema-producing wavelengths. For compounds that elicit 
responses below 3 10 nm. a different testing system is mandated.**^ 

^ It is customary to administer one high dos^. No situation has yet been found 
in which a compound has been negative at a high dose and positive at a low 
liose. I f the high dose is positive, the least effective dose is then determined, 
tach animal may be used as his own control. Controls include negative (the 
vehicle), positive (a known relevant phototoxic chemical such as bergapten). 
and unirradiated, chemical-treated sites. Iixperience suggests that most '^ 
chemicals that are phototoxic by cutaneous exposure will produce toxicity 
in most animals if given in a sufficient dose. Small groups, from 4 to 10 ani- 
mals, are sufficicfU for this testing. 

The phototoxic response is usually elicited quickly. For maximum effect 
the site should be irradiated within 30 min to 2 h after the chemical, appli- 
cation. Cirading is performed I 2 to 24 h later. The parameter most generally 
measured is a visible and palpable dermatitis, consisting of erythema, indu- 
ration, and at times frank necrosis. The Drai/e system is the reference scale 
presently available. The combination scales, including erythema and edema. 



Dermal and Eye Toxicity Tests 



arc convenient alternates. Both systems are fully described in the section on 
irritation. The phototoxic response is dramatic; there are few easier tests to 
read. Certain chemicals and solvents irritate the skin. When this occurs, at- 
tempts should be made to decrease the effective tissue dose so that the irri- 
tancy is not seen in the site not exposed to light. Standard statistical tests for 
significance may be used to evaluate the resulting data. 

Occasionally, extrapolation to humans of results obtained from animal 
phototoxicity tests may be questionable. In such cases, tests with humans may 
be necessary if the basic systemic toxicologic data are available. The exper- 
imental procedure resembles that used with animals; however, because human 
skin is less permeable than that of most small laboratory animals, it is usually 
necessary to make the skin more permeable by removing most of the stratum 
comfcum with repeated cellophane tape stripping. A stripped skin site control 
is also used. The dose should be administered in one small appli(^ation, 



CHANGES IN PIGMENTATION 

Pigmentation may either decrease (hypopigmentation) or increase (hyper- 
pigmentation). The greatest concern is depigmentation. Many, if not most, 
cases of chemically induced leukoderma mimic vitiligo and are often mis- 
diagnosed as such. It may be necessary to determine the proclivity of some 
household substances to produce depigmentation in humans. The greatest 
amount of experimental data.has been obtained with the pigmented guinea 
pig. There is reasonable correlation of effectiveness between those chemicals 
known to produce depigmentation in the guinea pig and those producing it 
in humans. Methods for testing chemicals for their tendency to produce 
depigmentation have been published.^ ''"^^ 



CMLORACNr 

C hloracne may result from exposure to any of several industrial chlorocar- 
bons. The eruption produced may be severe and last for months to years; 
therefore, it is important to identify those household substances containing 
chlorohydrocarbons that may produce chloracne in humans. The clinical 
features are most consistent, helping to establish the syndrome as a unique 
form of acne. The adult albino rabbit, which has been systematically studied, 
develops chloracne from exposure to those chemicals known to produce 
chloracne in man. Methods to evaluate chemicals' proclivity to produce 
chloracne have deen described. '-^ -'^-'^ 
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DHLA YtD-TYPE CONTACT SENSITIZATION 

Dclaycd-iypc allergic contact sensitization refers to an immunologically 
mediated cutaneous reaction to a chemical. With few exceptions, contact 
sensitization develops as a result ofone or more contacts with a chemical that 
initiates the sensitization process. The latent sensitized condition generally 
develops no sooner than I to 2 wk after the effective exposure. Subsequent 
exposure of ]he skin of the sensitized individual to a sufficient concentration 
of the sensitizer or related substance (cross-sensitizer) can elicit a more intense 
response than previously. This response may take hours or even days to de- 
velop, hence it is **delayed." Responses may be characterized by pruritis, 
erythema, edema or induration, papules, vesicles, bullae, or combinations 
of these. Reactions generally subside over a period of days if there is no further 
contact with the sensitizer, but the state of sensitization may be perma- 
nent. 

A test should demonstrate a strong potential for sensitization by a chemical 
or product. It should detect materials that arc capable of inducing cither a 
substantial incidence i)r degree of scnsiti/.iuion responses among individuals 
exposed during use or accidental misuse. 

TF:ST PRf-PARATlON; ANIMAI. TfiSTlNCi 

Laboratory animal species arc generally much less responsive to contact 
sensitizers than humans. The guinea pig is the most responsive, particularly 
the albino varieties. The strain of guinea pig selected should be readily capable 
o( sensitization by a (common) allergen such as chlorodinitrobenzcnc. Ani- 
mals from 1 to } moof age arc preferred, as they arc more scnsitizablc than 
vcr> >oung or older animals. There is no appreciable difference in the pro- 
clivity of male and female guinea pigs to develop sensitization, but pregnant 
temales sht)fild be avoided. Animals are generally not reused; however, sen- 
sitized animals may be useful in tests for cross-sensitizers or other sources 
o( a given sensitizer. 

Animals should be quarantined for a minimum of 1 wk to ensure that they 
arc (ree of infection. Hair should be removed from their backs, sides, and 
flanks ^by clipping, slvnving, or depilation, 

/ 

TIST PROC I DI RI- ANIMAI TISIINC; 

The guinea pig standard tests are derived from observations of Landstciner 
and Jacobs. The most generally used technique is that of Draiz.c ct alJ^ In 
one version, approximately 10 healthy young adult albino guinea pigs are 
selected. An area of skin between the shoulder blades is exposed first by 
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clipping and then shaving. A 0. 1 percent solution or.suspension of the test 
material in saline is injected intrade/mally into the shaved skin. Injections 
ol'0. 1 ml are repeated thrice weekly for a total of nine, keeping the injections 
within a 3 to 4 cni-^ field. Two weeks later the animals arc challenged with 
0.05 ml of the test solution injected into a fresh site. The animal is considered 
sensitized if the challenge reaction is noticeably greater than the reactions 
to the inducing injections. 

In some cases, it is preferable to give an equivalc^nt amount in four in- 
^tradernial injections at one time, using a dose several times greater than that 
producing minimal perceptible irritation. This dosq is determined in a pre- 
liminary dose range-flndingstudy. If after one challenge (performed as above) 

;inin\als are not sensiii/.ed, the intradermal injcclions and challenge are 
repeated in essence a doubled-up Draize procedure. 

Ln practice, all variants of the Draize procedure require tb^l^thc final 
challenge be of minimal or no irritancy in the control animals. As irritation 
produces a heightened (nonimnuinologic) responsiveness,' it is important not 
to misinterpret such false positive reactions. To help avoid this, one can use 
an unrelated nonsensiti/ing chemical of similar irritancy to the test chemical 
as a negative control, liven with the use of controls, intradermal injection 
procedures can produce localized irritation reactions at injection sites that 
may be misinterpreted by inexperienced investigators as sensitization. 

An alternate technique takes advantage of the ability of guinea pig skin 
10 tolerate rather high concentrations of topically applied chemicals without 
excessive irritation, (iroups of 15 to 20 animals arc patch-tested with the 
substance for 6 to 24 h once weekly lor 3 wk. The patches must have an oc- 
clusive backing to enhance penetration of the test substance. F'\)llowing a rest 
period of 1 2 wk I he animals are rechallengcd with a high, but non margi- 
nally irritating concentration of the test solution and the vehicle on separate 
sites. L'sing the topical route, substances may be detected lhat are not de- 
marcated by the intradermal method.'^' 

.Another means of enhancing t he sensitivity of" the gumea pig is by using 
I reund's adjuvant, either mixed with the putative allergen or injecled sepa- 
rately (splil-adjiivant techniques). "^^ 

[Extensive data document the value of combining topical, intradermal, and 
I reund's adjuvant exposures.^' A vow of three injections is made on each side 
of the midline. These injections are: 

• 0.1 ml of adjuvant (without the test agent) 

• 0.1 ml of test agent without the adjuvant 

• 0.1 ml of test agent (approximately 5 percent) emulsified in complete 
adjuvant 

One week later the lopical application is made after pretreatmcjit for 24 
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h with 10 percent scxiium lauryl sulfate in petrolatum, which enhances pen- 
. ctration and sensitization by provoking a mild inflammatory reaction; 
Challenge is made with a 25 percent concentration or the highest subirritating 
concentration. ■ " ■ 

When sensitization testing is performed with a dilution of the material, 
it is best to employ ^vehicle piM;^^^^^^^^ 

allow release of the chemical and should not react with it. Common vehicles 
include water, ethanol, acetone, propylene glycol, vegetable oils, petrolatum, 
and various preparations of surfactants and emulsificrs. Experience usually 
indicates the one type of vehicle that is more convenient to use with a given 
class of compound. 

The quantity of.test material is usually expressed as a given volume (usually 
standardized for a given technique) and concentration. The concentration 
should exceed thai projected for human exposure. Although excessively high 
doses pould induce tolerance rather than sensitization, there is a greater risk, 
of failing to detect a sensitizer by using too low a concentration. Within 
practical' limits, there is a greater likelihood of obtaining sensitization by 
increasing the number of doses (intradermal or topical).'"^ 

HVALUATION: ANIMAL TEiSTING 

Because cutaneous responses are visible, they can be readily evaluated by a 
trained observer. An arbitrary scale of 0 to 4+ or any other system may be 
used, provided that the investigator accurately describes what is seen. Basi- 
cally, the degree of erythema and the amount of induration or edema palpated 
should be recorded. Vesiculation and necrosis, which may also occur, should 
be noted accordingly. 

The delayed reactions of contact sensitization are best evaluated by making 
sequential observations of test sites on the skin. The first should be made 24 
h after injection or removal of a patch to allow primary irritation to subside. 
A second reading should be. made 24 or 48 h later. 

Reactions to the test substance at challenge that are stronger than reactions 
to negative conirois or to those seen during induction should be suspected as 
results of sensitization. Responses that are marginally moFc intense than 
control response or that occur in very few animals should be confirmed by 
a second challenge after 1 or 2 wk. Rechallenge after a longer delay can be 
unreliable, as sensitization in guinea pigs is short-lived compared to that in 
humans. Whether or not a rechallenge is performed, a judgment confirming 
the presence ^iwrtrsence of sensitization should be made and recorded for each 
animal. Mean scores or indices, which are customarily calculated for each 
experimental group, are useful only for showing relative intensity of re- 
sponse. 
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T/wo or more un^uivocally positive responses in a group of 1 0 to 20 animals 
^shoold be considered significant. A negative, equivocal, or single response 
probably assures that a substance is not a strong sensitizer, though this is best 
confirmed by further testing with human subjects. 

TEST PREPARATION: HUMAN TESTING 

There has been considerable experience with human sensitization assays, most 
of which were derived from the animal assays described above. In the majority 
of these, the test substance is applied topically under an occlusive bandage. 
Occlusion of the skin greatly enhances penetration and makes the test more 
sensitive. 

TEST p/oCEDURE: HU/Kt/Sn^ESTING 

There arte basic procedures with useful variations. The first is the repeated ♦ 
insult technique of Draize'^ and Shelanski and Shelanski.*^^ The test material 
(usually 0.5 g or 0.5 ml) is applied under occlusive patches to the dorsal skin 
of the upper arm or the interscapular area of the back in repeated doses for 
a total of 9 to 1 5 applications. The concentration used shoi/ld exceed the ex- 
posure anticipated during use unless this would produce excessive irritation. 
The patches a7e applied on alternate days and removed after 24 h. Some in- 
vestigators prefer a 48-h application. It is usually feasible to test four or more 
materials simultaneously, though in so doing one must be aware of the pos- 
sibility of cross-reactivity between similar materials. After this initial series 
of induction patches, no more patches are applied for 1 0 to 20 days to allow 
tirnq for latent sensitization to develop. Subjects are then challenged with 
the test m'aterial for 24 to 48 h. Responses are evaluated 3 and 5 days after 
the patches are applied. 

-The second procedure is the maximization test,^^ which i^based on the 
premise that most chemicals have some sensitization potentiaYTor humans. 
This can best be determined if the epidermal barrier to percutaneous pene- 
tration is breached. This is usually accomplished by substantially irritating 
the skin with sodium lauryl sulfate before and one or two times during the 
series of applications of,th<i-tcst substance. Five sequential patches are applied 
to volar surface of the forearm, each for 48 h with 24 h between. There is then 
a 1 0-day waiting period, followed by further irritation of the skin with sodium 
lauryl sulfate, after which a challenge patch is applied. 

More subjects are needed than in guinea pig tests because of greater range 
of immunologic responsiveness among humans and the lower concentrations 
of materials that may pc required. Draize'^ originally specified that 200 
subjects should be used. This is reasonable in seeking weak sensitizers in 
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cDsmctics and topical drugs, but is probably not necessary for detecting 
modcratc-to-strong sensitizers encountered in exposures to other types of 
household products. Prudence dictates that materials showing possible weak 
sensitization in guinea pigs should be tested on only a few human volunteers 
at a time. If no human response is found, the numerical base can be expanded. 
The maximization procedure has been standardized at 25 subjects; 50 to 100 
subjects are commonly tested in the repeated insult test. 

({VAIAIATION: human Tf-STINCi 

Human skin manifests a greater variety of visible responses (e.g., erythema, 
edema, induration, papules, vesicles, bullae) than guinea pig skin. Conse^ 
quenlly, grading scales are more complex. Any scale that can be adequately 
described can be used. All reactions should !5c noted during the induction 
phase of the test and at two intervals after the challenge, e.g., 2 and 4 
days. 

Sensitization should be distinguished from primary irritation, as both may 
occur simultaneously. The length of a reaction is important to note. Irritant 
responses often begin to disappear within a day or two once ihe contactant 
IS removed. Sensitization responses, which may develop more slowly and 
persist longer, tend to be characterized by induration, papules, or vesiculation. 
An\ suspected sensitization response should be confirmed by a rechallenge 
test 2 wk to 2 mo after the initial challenge and after earlier reactions have 
subsided. Although this type of testing appears deceptively simple, both ex- 
perience and judgment are required to perform it adequately/*^ The inex- 
perienced investigator would benefit by working with an experienced inves- 
tigator before miliating trials. 



CONTACT URTICARIA 

Skm responses to chemical contactants. if immunologically mediated, are 
usuall^^delayed-type hypersensitivity. However, the wheal and flare of urti- 
caria can occur directly from skin contact with some chemicals. This is im- 
portant not only in terms of the local response: With percutaneous absorption, 
4he response may become generalized. In more sensitive individuals or after 
large antigen exposure, angioedema. asthma, and anaphylactoid reactions 
can occur. "Nonimmunological contact urticarial reactions may al.so occur. 

The limited testing for contact urticariogenicity suggests that exp^irienced 
investigators should be able to detect it during conventional tests for de- 
layed-type contact hypersensitivity. When a urticarial response is suspected, 
special techniques can be employed to determine whether it is immunological 
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or nonimmunological and whether the substance has an important potential 
for producing the effect. The immediate sensitivity test is performed on intact 
or scratched skin using a control such as citraconic anhydride. The guinea 
pig is an animal of choice; human testing has been performed. 

Vy\i IRRITATION 

Test procedures to assess the surface toxicity of liquids, solids, and aerosols 
to ocular tissues of laboratory animals should s^ow the potential for sub- 
stantial human eye injury. There are several reported procedures, but that 
of Drai/e et al.^"^ is the basis not only of the method specified in the I MSA 
Rei^ulatiofis (16 ( I R 1500.42: see Appendix A), but also of several other 
accepted inethods, The evaluation of gases in eye irritation rq^uires special 
techniques, as exposures may be sustained. The Draize rabbit eye irritation 
tesl'^ has been widely criticized for its poor reproducibility and its inaccurate 
reflection or prediction of human experience.' ' Yet there is no practical test 
generally available^that is less empirical or more reliable. Therefore, in the 
following discussion, emphasis will be placed on ways to improve the Draize 
test by means that are feasible for most modern toxicology laboratories. 



THST PRFPARATION 

Selection of Animal Model Historically, eyes from albino rabbits have been 
used in most test procedures, apparently because they a rclarge and have no 
pigmentation. In addition, the tractable nature of the animal facilitates 
handling and examination. However, the rabbit eye differs in several ana- 
tomical and physiological respects from the human eye. The structure of the 
cornea is thinner, the nictitating membrane is well developed (third eyelid), 
the fur surrounding the eye and on the lids is thick, the blink reflex is not well 
developed, and irritation causes tearing. 

Limited comparative data from controlled exposures of humans and rabbits 
show responses of the rabbit eye to be much more severe and long-lasting 
injury."* Other nonprimate laboratory species such as rats, guinea pigs, dogs, 
and cats are either loss satisfactory than rabbits or have not been thoroughly 
evaluated. Xmong nonhuman primates, rhesus monkey's have been used the 
most.^ ' but cynomolgus and squirrel nionkeys are also suitable. The po- 
tential use of monkey species as hunian models seems obvious: their eyes are 
structurally and functionally similar to humans. Unfortunately, the limited 
availability, cost, and hazards in the handling of monkeys prevent their ex- 
tensive use. Therefore, the albino rabbit is the species of choice, with the 
monkey (especially the rhesus) as the pr^^ferrcd second species when confir- 
matory data are necessary. 
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Ocular responses of rabbits arc not known to be sex- or age-dependent, but 
healthy, sexually mature animals of either sex less than 2 yr old are recom- 
N mended. ^Mbino rabbits are preferred to pigmented strains to facilitate ob- 
serving iris changes. When using monkeys, sexually immature animals are 
preferred. 

Inaj^iven test, ortly onecye of each animal should be used, and the animal 
should not be subjected to extraneous test procedures or stresses. The con- 
tralateral eye may be used for another test after the first eye has returned to 
normal. 

Lyes to ,be tested should be free of defects or injury and should not stain 
with fluorescein. This can be best determined by gross examination on the 
day before the start of a test. Animals should be housed in clean cages that 
are free of particulate bedding material or ^her extraneous substances that 
could irritate the eyes. 

>• 

tf:st f>Rocf:i)URf: 

/■//(' Dose and Dose- Response Considerations Most household products 
should be tested in the form contained in their original package. When ocular 
contact with the packaged form is unlikely, the product should be tested in 
the forn^i most likely to contact the eye. 

With few exceptions':* eye test methods have called for the instillation of 
0.1 g or 0.1 ml of a material into the eye of the test animal. Although these 
quantities may be splashed around the eye, the amount of material that ac- 
tually contacts ocular tissue in most accidents is probably considerably less. 
Indeed, the contrast between the severe effects in animal eye tests and the 
rarity of eye injuries in accidental human exposures to some classes <^ 
products may be as much a dose-response as a species-response phenomenon. 
Because the amount contacting the eye may be as important as the compo- 
sition in determining the ocular response, there seems to be no basis for using 
a single, arbitrary dose in ^in eye test. Rather, two or more different doses 
would generate more information and [permit the determination of dose- 
response characteristics of a material. The si/e of the doses and the difference 
between them should be determined partly by the physical characteristics 
ofthe test material. They should fall within the range of probable human 
exposure. 

I he measurement of the dose will depend on the physical form of the 
substance to be tested. Liquids and pastes can be delivered from a micropi- 
pette or syringe, f inely divided solids should be weighed to determine the 
amount equal to that contained in a specified volume when the material is 
lightly compacted. Other solids should be pulven/ed and then measured as 
above Aerosol products should be delivered as a short, precisely timed burst 
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at a distance approximating bhat of a self-inflicted eye exposure. For each 
dose form, the actual dose weight should be determined by weighing the same 
or an equal volume of the material. Suggested doses are 0.1 and 0,05 ml, 
though other volumes may be desirable when the range of human exposure 
is known or can be estimated. 

The desired dose should be applied to the eye in a manner that reflects the 
probable route of accidental exposure. Whereas the instillation into the lower 
conjunctival cul-de-sac, as is customary with the Draize procedure, may be 
appropriate for drugs and cosmetics intended for use in and around the eye, 
the accidental exposure to other consumer products more often involves a 
speck, droplet, or'spray on the lids or the bulbar surface. Furthermore, though 
the loose-fitting lower lid of the rabbit eye facilitates its use as a chamber to 
receive instilled materials, this technique is practically impossible to use with 
the monkey. In addition, it does not represent typical human exposure, as it 
tends to retain materials within the lids and in contact with the eye. For 
.uniformity of technique, the lids should be drawn back and the material in- 
stilled directly onto the cornea. Great care should be taken to ensure that the 
entire dose is instilled onto the cornea, One of the greatest potential sources 
of experimental variation is incomplete dosage caused by movement by the 
animal or the technician. The lids should be kept open momentarily to ensure 
contact of the substance with the cornea, then gently released. Forced blinking 
or other manipulation that might cause trauma should be avoided. Self- 
trauma by the animals immediately after instillation should be prevented, 
as this will complicate evaluation of any toxic effect. 

A single dose is administered to one eye of each animal in a test group. 
From three to six eyes have been specified in standard tests. Fewer eyes per 
dose should be needed when testing iwo or more dose levels than if a single 
level is used. A minimum of four animals maybe used per dose level unless 
a smaller number will provide unequivocal evidence of severe irritation or 
corrosion. If there are large intragroup variations in response or inconsistent 
results between groups, an effort should be made to determine the cause (e.g., 
dosing error, reading error) and the test should be repeated. 

Irrigation Hpidemiological evidence suggests that most eye accident victims 
rinse their eyes with water within 1 min of the exposure. Certainly most 
physicians recommend prompt irrigation for accidental exposures to chemical 
substances with the rationale that the chemical on the surface is diluted and 
irrigated away. Nevertheless, experimental animal studies using the f HSA 
inethod-'*^^ indicate that irrigation may decrease the amount of irritation 
caused by a chemical but is not likely to change an apparent irritant to a 
nonirritant. With some chemicals (1 'percent sodium hydroxide), irrigation 
markedly diminishes the toxic effects. With 5 percent sulfuric acid, irrigation 
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cxaccrbalc^s the rcactii)n/^<^ The variability of irrigation techniques and the 
arbitrary nature of any one regimen further eomplieate a complex test without 
providing much useful information. For these reasons, irrigation is not a 
recommended requirement for any test for the tnhererk.irritancy of a sub- 
stance. Information on the effect of irrigation should be obtained with sep- 
arate experimental groups. Such an investigation could be uscj'ul in deter- 
mining appropriate first aid measures for use with materials that are corrosive 
or severely irritating. ^ ^ 



( 'onfrols and Comparison Standards Interlaboratory and temporal vari- 
ability in rabbit eye tcsting^^^ makes it difficult to determine the accuracy of 
any given result. Assuming that the factors that cause variability consistently 
affect all observations in a single test, it should be possible to compensate for 
them. This is done by testing control materials of established ocular irritancy 
and by rating unknown substances with respect to them. If the human re- 
sponse of the control material is known, animal response can be extrapolated 
to potential human response. In such cases, the more nearly alike the test 
material and control are in irritancy, the more confidence can be placed in 
extrapolation. 

There are .several criteria for the selection of an ideal control substance: 

/ 

• Data on human experience should be available. 

• Its composition should be known and its identity verifiable. 

• lis physical and chciuical properties should resemble those of the ma- 
terial to he evaluatei]. 

• It should be rcadi!>/t)hlainable in stable or reproducible condition. \ 

• It should have similar dose-rcspon.se characteristics to the lest nialen- 

al. 



Ohscrradon Period If healing of the cornea and conjunctiva follow cheniical 
injur). It is usually completed within 14 days. Nevertheless, a significant 
proportion of animals can show healing with clearing of the cornea after 14 
days. I'herefore, observation for 21 days is essential in any test for toxicity. 
Observations within the first 24 h may he of sonic value, but are not essential 
lor most materials. If undertaken they should iiiinimi/e maniputution of the 
c\\; and should not involve irrigation. Often the cornea ma> still be clear at 
I h but may later manifest severe changes. I he recommended times for ob- 
servations are 1, 3, 7, 14, and 21 days, though slight deviations from this 
schedule should not seriously affect results. 

f 

V 
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STRUCTURE'. TO BH liVALUATllD AND TOXIC FIFM^CTS ^ 

Cornea The cornea is an important strueture to evaluate. It is sensitive to 
chemicals; it is susceptible because of its prominence; and if damaged its 
strueture often leads to impairment of vision. The extent of corneal damage 
is dependent on the nature of the material tested and the degree of exposure. 
Some chcniieals may only damctge the corneal epithelium or its superficial 
lavVrs. Detection of only superficial epithelial damage may be very difficult 
vvitlV^ut ttie use of the slit lamp or nuorescein staining. With only external 
observation and the use ol some niagnifieation, the cornea appears to "lack 
lusier.** With the slit lamp, a mild degree of edema of the epithelium can , 
usually be seen. Supcrtleial epithelial damage is best detected by staining with 
Huorescein. Where the superficial layers have been damaged, there is ad- 
sorption of lluorcseein. This can be seen readily with or without a slit 
lamp. 

More severe damage may cause the corneal epithelium to become detached 
and portions of it to roll up or become clumped on the corneal surface after 
1 li. When the epithelium is detached, the cornea may be s till clear after 1 
h and there is usually no Huorescein staining. The absence of the corneal 
epitlie|iuni may be detected only with the slit lamp. 

Superficial corneal epithelial damage in a small area usually clears after 
1 to 3 days. When the entire corneal epithelium is denuded, hdaling is usually 
complete by 3 to 7 days. Before healing is complete, edema (thickening of 
the a^rnea) may occur. Subtle edema may only be apparent by the slit lamp. 
Tpitheliali/ation takes place peripherally in a centripetal fashion. The ad- 
vanced edge of epitheliuni may have a slightly elevated appearance and is 
i^ftcn edematiHis after irrigation, As the epitheliuni grows, it may have some 
melanin pigment, particularly in miuikeys. This type of pigmentation is simply 
a sign of healing and does nol necessarily indicate severity of daniage. 

With more severe reaction, the corneal stn^iia, in addition to the epithe- 
lium, is damaged. This usually results in edema of the cornea. The outcome 
d(^penils on the intensity and extent of daniage. Some lesions will clear; lUlicrs 
ma^y'dcveli^p scarrings; and still others may lead to perforation of the cor- 

\]\ general, acid compounds cause surface coagulation and are less likely 
to imluee ileeper tissue damage, f^asie emu pounds have a greater predilection 
to diffuse and to penetrate into the tissues., thereby producing deep tissue 
.damage 

iri\ bamage to the iris is difficult to detect. When there is direct chemical 
damage ti^ the iris, the cornea becomes edematous. 1 his obscures the details 
of the iris. When there is less severe damage to the cornea and conjunctiva, 
the iris may show some changes that, in part, may be due io neural reflexes. 



46 



I VAMIATIN(i Till TOXK ITY ()| llOlJSI IIOl O SUHSTANri S 



In the albmo rabbit these changes include vascular congestion, which gives 
the ins a reddish appearance as^c^pared with its normal light-pink color. 
With more niarked response tl(eiris may become edematous with thickening 
and loss of the rugal pattern. IVyls vessels may leak and give rise to inflam- 
matory cells and increased amounts of protein in the aqueous humor. 

These changes in the aqueous humor can be d(itected only with a slit lamp. 
The inflammatory cells can be observed directly and the protein noted by the 
Tyndall effect. In eyes with severe damage, the iris may give rise to intraocular ' 
bleeding. 

Conjunctiva and Nictitating .Membranes The conjunctiva is a loosely ar- 
ranged connective tissue that has an abundance of -blood and lymph vessels. 
It is covered by nonkeratinized epithelium that is susceptible to only minimal 
damage compared to that described ^ove for the cornea. When severely 
damaged, the vessels dilate, leak serum, and may even bleed. The vascular' 
changes are responsible for the redness and swelling that follow chemical 
mjury. Proteinaceous material from the serum aiid inOammatory cells form 
the ensuing exudate. Fluorescein is generally adsorbed by the conjunctiva 
following injury or total loss of the conjunctival epithelium and may be helpful 
in evaluating the effects after 1 to 3 days. Fluorescein is of less value in as- 
sessmg severe damage/Fxtreme edema is observed with more severely toxic 
substances iind with some that are not so toxic. In rabbits, for example, silver 
nitrate is particularly prone to inducing prominent conjunctival edema that 
is disproportionate to corneal dam^^ge. 

More severe damage to the conjunctiva may be accompanied by scarring 
with distortion and folding of the conjunctiva, The.se foldjvmay cover a portion 
of the corneal periphery. The nictitating membrane of rabbits is freqij^htly 
damaged by chemical exposures, and, like the conjunctiva, it may become 
injected and edematous. Necrosis and scarring may be observed following 
more severe damage. Swelling of the conjunctiva may be so intense as to make 
evaluation of the cornea very difficult. Generally, when this occurs severe 
corneal damage can be observed once the edema has subsided. 

At 7, 1 4, and 2 1> days after exposure to substances with lesser degrees of 
toxicity, there may be small superficial corneal opacities at the limbus after 
irrigation. By slit lamp these areas appear slightly edematous. These opacities 
are caused by mild neutrophilic infiltration within the corneal epithelium that 
IS associilted with similar infiltratc^^^n the stroma and epithelium of the 
conjunctiva in the same meridian. Thk.ffiild conjunctivitis may often be 
overlooked if histopathologic examination is not conducted. 

When an'dye with extreme, obviously purulent exudate at 7, 1 4, or 2 1 days 
is encountered, the animal should be handled carefully. One should avoid 
contact with the purulent exudate. If contact is made, one's hands should be 

■ ; 
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washed before the next animal is touched. An obviously infected animal 
should be treated with an appropriate antibiotic by intramuscular injection. " 
When eare is not taken, the infeetion can be transmitted to other animals. 

Lids The lid may become swollen following chemical injury. This causes 
the lids to become very tight, making evaluation of the eye difficult. With 
severe damage to the lids, the cilia (lashes) and hair of the lirf may be tost. 
At 14 and 2 1 days the lid margin may be distorted with nicking as the result 
of scarring. With severe damage, as with 5 percent and 10 percent sodium 
hydroxide, the lids become severely scarred and fused together at 1 4 and 2 1 
days. Perforation of the cornea is often assocfated with severe lid damage, 
although it may be masked by the fuse^ lids. 

SCORING or LHSIONS: DRAIZH PROCBDURR 

By scoring of lesions one attempts toquantitatc the area and degree of damage 
to the lids, conjunctiva, cornea, and interior of the eye. Lower numbers are 
given, for smaller areas and intensity of damage; higher numbers are given 
to larger areas and greater intensities of damage. All methods require that 
the person examining the eyes and grading the lesions have considerable 
experience. Examinations shoDid not be rush^, ,so that the lesions are not 
overlooked. The past standard method used Pbr' scoring ocular lesions was 
developed by Draize et ^/.^^ This method shomd be used in conjunction with 
bright illumination and some form of magnification. 

The Draiz.e meth9d has the advantage of being relatively easy to conduct 
and requires little in the way of Special equipment. The key to success with 
this method is the knowledge and experience of the examiner. There is now 
a considerable backlog of information using this method, though interlabo- 
ratory variation has been a problem. This is most likely due to different in- 
terpretatioh of lesions by different examiners. 

Cornea Since damage to the cornea may lead to visual impairment, it is 
given>peciaJ consideration. Corneal damage is determined by the presence 
pf;|(:^ali7;ed or diffuse opacification. Whether the iris details can be se^n 
through the damaged area of the cornea is a factor considered in the quan- 
titation of the corneal damage. Scattered or diffuse opacities that are only 
slight and allow for visualization of iris details are given a I rating. If the iris / 
details are slightly obscured by easily discernible translucent areas of the*^ 
cornea, a 2 rating is given. Opalescent areas of the cornea obscuring details 
of the iris and making the pupil barely discernible are given a Seating. If the 
iris is invisible through an opaque area of cornea, it is given a 4 rating. 



The area of corneal damage is also quantitated. The scoringl'or percentages 
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■ of gorneal surface exhibiting any intensity opacity arc: < 25 percent = 1;> 25 
percent but < 50 percent = 2; > 50 percent but < 75 percent = 3; and > 75 
percent = 4, * 

While not considered in the original Draize scoring scheme, superficial 
and deep f)annus (vascularization of the cornea) arc noteworthy changes. 
Vascularization, which is part of the healing process, usually indicates that 
significant tissue necrosis has taken place. It can be rated by the intensity of 
associated opacification and by the area it affects, as above.. 

iris Evaluation of the iris is one of the most difficult aspects of the Draize 
method,. If the cornea is relatively clear one can, with magnification, sec the 
iris folds and note swelling, but these subtle changes are difficult to detect 
by this method, 

The two more readily observed features of the iris arc injection (color) and 
the pupillary light reflex. Congestion (redness) of the iris can be detected in 
the albino rabbit, but is not usually apparent in the monkey or pigmented 
rabbit. 

With more marked corneal changes, the iris and even the pupillary light 
reflex may not be discernible. It is not clear how the iris is rated under these 
circumstances. If the iris cannot be adequately examined because of corneal 
changes, a maximal reading should probably be given, as histopathologic 
studies indicate iris damage in such cases. 

The irisis rated 1 if any or allof the following arc present everf if pupillary 
light reflex is intact or only slightly impaired: more prominent iris folds, 
congestion, .swcjlifig, deep circumcorneal injection. 

It is rated 2 if any or all of the following are observed: loss of pupillary re- 
action to. light, hemorrhage in the interior of the eye, or obvious destruction 
of the iris; • 

Conjunctifa [{valuation of the conjunctiva involves the quantitation of 
vascular congestion and hemorrhage (redness), edema (chemosis), and dis- 
charge (exudate). 

Redness rating: I jdaTinitc, but mild injection that causes a slight redness; 
2 if injectfon is mi^Tc^Pl^Lsc, giving a mofc crimson-red appearance, and 
if individual vessels are rfot ea^iily discernible; 3 — if the conjunctiva has a 
diffuse, bccfy-red appearance. 

Chemosis rating: 1- slight swelling above normal; 2— obvious swelling 
with partial e.version of lids; 3 - swelling with lids about half closed; 4~ 
swelling with lids from about half closed to completely closed, , 

Exudate rating: I— any amount of discharge different from 'normal; 
2 discharge with moistening of the lids and adjacent hairs; 3^discharge 
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with moistening of the lids und hairs for a considerable area around the 
eye. 

Totalling Scores Thtf" complete Draize grading scheme involves weighting 
of the corneal evaluation by multiplying opacity and area scores, then 
multiplying that product 5. The iris score and the sum of the three con- 
, junctival scores are weighted by factors of 5 and 2, respectively. The weighted 
scores can then be combined to give a maximum possible total of 1 10. There 
may be utility in this for some applications, but one should, be aware that 
valuable information can be overlooked if too much emphasis is placed on 
a*single number. 

SCORINC, Of- I.EiSIONS: SLIT LAMP TBCHNIQUI: 

The slit lamp used to observe ocular damage can accurately detect subtle 
lesions, but requires experience and careful judgment. It also requires that 
a second person holdi.he animal and coordinate with the biomicroscopist to 
expose various areas in succession. 

The slit lamp projects a narrow beam of variable high-intensity light and 
has a binocular microscope that allows observation of the eye under magni- 
fication. Also the slit beam of light enables quantitation of the thickness of 
. the cornea attributable to edema. Moreover, one can more clearly see the iris 
details and examine the aqueous humor in the anterior chamber for the 
presence.pf inflammatory cells and protein, both of which are signs of iri- 
tis. 

The detection of changes in aqueous humor in the form of cellular reaction 
. and presence of protein (aqueous flare or Tyndall effect) may be difficult, 
especially in eyes with more severely damaged corneas. Once the cornea 
becomes modefately thickened, it may not be possible to see these features. 
Vascular congestion of the iris and pupillary light reflex changes are more 
<asily detected, even in eyes with moderate corneal thickening, 

A scoring system for slit lamp observation also takes into account both the 
- area and intensity of damage. This system emphasizes corneal edema and 
" is determined by corneal thickness. The examiner must have a firm mental 
picture of the normal cornea and must repeatedly compare damaged, 
thickehed areas with normal areas of the same eye or with the normal control 
eye. 

Cornea Evaluation of the corneal damage ii^volvei> the determination of 
the presence oT edema, fluorescein staining and subj^jequent scarring, vascu- 
larization, and perforation. 

^ The intensity of corneal damage is rated I if there is only epithelial edema 
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with or without slight stromal edema; 2, if the thickness has increased to 1 .5 
times the normal; 3, if the thickness has increased to 2 times the normal; and 
4, when the cornea is entirely opaque and the thickness can not be deter- 
imined. 

Rating of the area of corneal involvement is the same as in the Draize 
method. 

Fluorescein staining of the cornea may have a punctate or confluent pat- 
tern. The percentage of corneal surface with punctate or confluent stainring 
and the rating scores are: < 25 percent = 1 ; > 25 percent but < 50 percent 
= 2; > 50 percent bui-< 75 percent = 3; and > 7-5-pef c c nt - 4: ^ 

•Artias of corneal vascularization, scarring, and pigment migration or 
persistent corneal edema are rated on the basis of area involvement in the 
same manner as described above for fluorescein staining and edema. Scars 
can occur at any point in the cornea. Vascularization and pigment migration 
occur first, an4 perhaps only, at the periphery of the cornea. Therefore, rating 
of vascularization and pigment migration is based on the area of circumfer- 
ence involved: < 25 percent = 1 ; > 25 percent but < 50 percent = 2; > 50 
percent but < 75 percent = 3; and > 75 percent'= 4. 

Corneal perforation is given a rating of 4. The total m^iximal score is 20, 
and the individual total score is the sum of ratings for area and intensity of 
corneal edema, fluorescein staining, vascularization, scarring or pigment 
migration, and perforation. 

Iris Iritis is quantitated by examination of the aqueous humor noting iris^^i 
hyperemia and the status of the pupillary light reflex. Cells in the anterior' 
chamber are rated i , 2, or 3 on the basis of whether there are a few, a mod- 
erate number, or many, respectively. Aqueous flare (Tyndall effect) i%^im- 
ilarly rated in the three intensities. Iris hyperemia is quantitated into slight 
( i ), moderate (2), and marked (3) categories. 

A sluggish pupillary light reflex is rated 1, and a rr absent reflp is rated 
2. The total maximal score possible is 1 1, and an individual score is the sum 
of the ratings for anterior chamber cells, flare, iris hyperemia, and evaluation 
of the pupillary light reflex. 

Conjunctiva Lids and conjunctival damage are quantitated by giving a 
slight (I), moderate (2), and marked (3) rating for hypermia, chemosis, 
fluorescein staining, ulceration, and scarring. The total maximal score is 1 5. 
An individual score is the sum of all the ratings. 

Totalling S cores ' The total maximal slit lamp score is 46. The total indi- 
vidual score of any one reading is the sum of all the ratings for the cornea, 
iris, lid, and conjunctiva. Although slit lamp examination presents somewhat 
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more difficulty for screening large numbers of materials, its use would seem 
to be indicated when evaluation of minimal dose effects is required. A slit lamp 
technique could also be employed in resolvipg questionable results by other 
techniques (e.g., Draize scoring). - 

Use of Fluorescein Sodium fluorescein is a fluorescent dye th^t is hel{)ful 
*" in detecting defects in the surface epithelium of the cornea and conjunctiva. 
.With da-mage of the superficial layers of the epithelium, the dye is readily 
taken up by the remaining deeper layers and will fluoresce when light is cast 
on the area. With total losg of the corneal epithelium, fluorescein uptake on j j 
short contact with thccjj^e is inionMstent at 1 day, but any significant lesions 
that might be missed or rated lower by the Draize method will be more clearly 
delineated. In most instances, lesions at 3, 7, 14, and 21 days are detected by 
gross observation without the use of fiuorescein. 

Fluorescein dye is available in two forms that are suitable for ocular testing. 
Sterile ophthalmologic solutions containing 0.25 percent to 1 .0 percent sodium 
fluorescein are available commercially. Two drops of the solution are placed 
onto the cornea, then the animal is gently released. After 1 to 2 rpin', the 
fluorescein is ifrigated out of the eye with 2 to 5 ml of saline or water. Suffi- 
cient irrigation js peces$ary to eliminate^all excessive dye. The eye is then 
examined by the Draize method or by the slit lamp technique. Damaged areas 
adsorb the fiuorescein dye and fluoresce in response to bright light. A co- 
balt-blue filter over the light source emphasizes the area of fiuorescein 
staining, but is not essential in most instances. One most exert caution not 
to touch the eye with the dropper in order to prevent contamination of the 
dropper, the fluorescein solution, or the animals to be examined subsequently. . 
New solutions should be used each day. ^ 

Fluorescein is also commercially available in individual, hermetically sealed 
paper strips. The fiuorescein-containing end of a strip is moistened with two 
or three drops of water or saline, then gently applied to the conjunctiva so that 
some fluorescein drains onto the eye. A separate strip is used for each animal. 
The animal is released, the excess of fiuorescein is irrigated away, and the 
eye is examined as above. The fiuorescein paper strips have the advantage 
of reducing the chance of contamination. 




EVALUATION 

Use of Optical Akds for Evaluation Any method to evaluate ocular damage 
should employ some means of magnification and good illumination. With 
the Draize technique, an operating lens loop is sufficient. The optimal in- 
strument for both magnification and illumination is the slit lamp. 
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Histopatholof^kal Examination- This is an important aspect in any study 
where the quantitation of chemical damage is attempted. It is perhaps less 
vital in instances where obviously severe damage has occurred. Lesions that 
persi.st after exposure, at 21 days, however, riiay cause unwarra'nted higl^er 
ratings. The nature of .j^pch lesions becomes impqrtant. For example, the 
migration of pigment onto the cornea simply may represent t'he pa^;sive mi- 
gration occurring as the result of the normal healing process oflhe corneal 
epithelium; however, other lesions may be scars and should be appropriately 
holed. Histopathological study may^also disclose serious4esi5ns ofthe con- 
junctiva and nictitating membrane*that were not apparent or appreciated 
by examination with the Draize method or slit lamp technique. 

It is desirable for an expert ir^reening substances to have knowledg^'of 
the histopathological alterations that account for such lesions! 'Green et ai}^ 
illustrate the clinical and histopathological features of various lesions it 1 
h and af 1, 3, 7. 14, and 21 days in rabbits and monkeys. Their rq^ort iho 
outlines techniques that maximize the chances of obtaining the' clinically 
observed lesions in histological section. | » . . 

Photography Photographic documentation is an important aspect of ocular 
toxicity studies. While it is not essential in all series, any single laboratory 
involved with testing should build a reference library of photographs that is 
sufficient for teaching personnel to read ocular lesions. Such photographs 
can also be reviewed when there is interlaboratory variation in readings for 
specific sMbstarices. This double check on the examiner serves as a basis for 
correcting errors of judgment and technique. Photographs should be taken 
with equipment of sufficient quality to allow controlledNCxpotJiires that will 
give close-up images in sharp focus, filling most of the camera field. 

Rci crsihility of Effects Whether or not toxic effects arc reversible depends 
on the nature, extent, and intensity of damage. As noted above, most lesions, 
if reversible, will heal or clear within 21 days. Surface or epithelia'rdamage 
is likely to heal with no residual abnormality. When large areas of epithelium 
are lost, healing takes longer. The epithelium that slides in from the periphery 
is very thin at first and may be asstx:iated with some edema. As the epithelium 
completely covers the denuded area, it regains its^normaPthickness and the 
edema disappears. Deep penetration by substances that induce stromal ne- 
crosis is more likely to be followed by scarring and vascularization. Once 
necrosis of the stroriia of the cornea or conjunctiva occurs, then scarring takes 
pkice. 

In some instances, especially after irrigation, persistent areas of peripheral 
corneal edema may be observed in an otherwise clear cornea. This may be 
due to residual inflammatory cells in the area of the edema or an associated 
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area of residual conjunctivftis in the same nveridian. Persumably ihis con- 
junctivitis and peripheral corneal edema clear with time. ' 

Classification of Responses The numerical scores for ocular responses as 
described above assist precise record-keeping and reporting. However, 
uncc;rtainties about their quantitative significance and the differences among 
them make it desirable to have a more descriptive wa;^ of evaluating ocular 
responses. Furthermore, it is necessary to attach significance to persistence 
and reversibility of responses. Thctemporal Aspect of injury as it^ight affect 
vision has the greatest implication for human safety. 

Although the present FHSA eye test ( 1 6x:^Rj 500.42; see Appendix A) 
docs not include persistence of response as an evaluative criterion, thf need, 
' f()r this is recQgnized. Methods have been suggested for factoring per^is^tcnce 
;of effects into tiie irritancy assei;sment;^-^^ however, their limited observation 
periods (from 5 to 7 days) are not long enough to establish the reversibility 
of some effects. By observing lesions for 3 wk, a more meaningful scale of 
severity can -be developed. The following descriptive scale^'* is suggested for 
this purpose. 

Inconsequential or Complete Lack of irritation — Exposure of the eye to 
a material under the specified cdTiditions causes no significant ocular changes. 
No staining with fluorescein can be observed. Any changes that occur clear 
within 24 h and are no greater than those; caused by isotonic saline under the 
same conditions. ■> 

Moderate Irritation— Exposure ot the eye to the material under the 
specified'conditions causes minor, superficial, and transient changes of the 
cornea, iris, or conjunctiva as determined by external or slit lamp examination 
with fluorescein staining. The appearance at the 24-h or subsequent grading 
of any of the following changes is sufficient to characterize a response as 
moderate irritation: opacity of the cornea (other than a slight dulling of the 
normal luster), hyperemia of the iris, or swelling of the conjunctiva. Any 
changes that are seen clear within 7 days. 

Substantial Irritation E.\pos,urc. of the eye to the. material under the 
specified conditions causes significant injury to the eye, such as loss of the 
corneal epitheliufli, corneal opacity, iritis (other than a slight injection), 
conjunctivitis, pannus, or bullae. The effects clear within 21 days. 

Severe Irritation or Corrosion Exposure of the eye to the material under 
tht^ specified conditions results in the same types of injury as in the previous 
category and in significant necrosis or other injuries that adversely affect the 
visual process. Injuries persist for 31 days or more. 

Classification should be based on the most severe response seen in^a group 



54 t-VAl iJATINCi THI-: TOXICITY OF HOUSEHOLD SUBSTANCES 

of/test animals, rather than on the average response. If, however, one animal 
^ reacts with disproportionate severity so that the response seems spurious, th,e ' 
test should be repeated on at least four more eyes. If the response is not re^ 
produced, a judgment can be made about whether it is appropriate to disre- • 
gard it. Responses that are diminished in severity or persistence at the lowest | 
test dose indicate that a material is f^vss hazardous than one that produces 
slight or no change in response at'a reduced dose. It follows that the smallest 
/amount of a substance that will produce a substantial response may provide 
a useful index of its comparative irritancy. This scheme is still limited by the 
:fact that it classifies responses iti' the. test species only. These must^frep t^ . 
extrapolated to probable human responses; as^^lhcre is no approprtate ex^i 
' perimcntal procedure for developing; human ocular irritation data throughout.:'^ 
^the response scale. E.xtrapo|4.t:ipns must be based on what is known about 
' human experience, most of whichls from accidental ocular exposures. This 
^calls for the development of apimal response information on control materials 
^^of known irritant or Corrosive poientiarfor humans. One or rriore control 
materials are tested simultaneously wijlh the material being evaluated. The 
responses are then compared. To ensure optimum reliability of these com- 
■ parisons, the cojitr^ls and test substances should have similar properties, sp 
that ocular responses will also be similar. Thus, one >y6uld not. use sulfuric 
acid as a control in testing an alkaline material nor a water-soluble control 
in testing a hydrophobic material. f , , T ; 



HUMAN TESTING 

1''. 

The predictabiht>pf animal eye test procedures is uncertain largely dn^'to 
the dearth of reliable human dose-response data. Ethical considerations-limit 
experiments with normal human eyes to those with transient and superficial 
toxic effects. This precludes a human testing to identify substances that might 
cause substantial or permanent changes in the eye, though it does not nec- 
essarily rule out the study of lesser ocular responses to determine-^hresholds 
and differences among species.^ Even then, such studies should be conducted 
only under the most scrupulouis-fethical standards and with fully informed; r 
\consent of the subjects. \ ^' : 

Advantage should be taken of any accidents' ' ^ eye splashes Sf^ 
chemicals to establish some base^tor comparisr nal data. These 

accidental eye splashes should be carefully recordc ^HpxDrted in a manner 
as similar as possible to that used for the experimeniai luocedure. Thorough 
characterization of the material involved should be included in the report. 
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MUCOSAL IRRITATiON AND CORROSION OF THE UPPER 
ALIMENTARY TRACT 

Of particular importance is^ the ability to detect materials that, if ingested, 
can produce corrosive injury to (he mucosal surfaces of the oral cavity, 
pharym» esophagus, and stomach. Severe corrosive injury to these tissues 
can be^f^tal or can result in strictures or ot'hcrpcrmanent disabling injuries. 
Strong alkalis are likely to injure the esophagus and stVong acids to injure 
the stoifiach and'duodenum. Either may injure the tongue and pharyrix.^^ 
. A provisional test method^^ is used by the Consumer Product Safety 
Copimission,'''^'* but its reliability has not been established. In fact, there is 
♦ no standardized procedure for pr^jcting corrosive potential to the alimentary 
tract, though several techniques have been described. Materials have been 
administered by intraoral, intraesophageal, and intragastric gavage^''^'^^ "*^ 
and by tim^d application to specific tissues of solutions or impregnated 
tampons.^^-^'^-*^ -^^ Rats, rabbits, cats, dogs, and swine have been tested, but ' 
a preferred animal modei has not oeen identified.'*' The experts agree that 
tfior'c research is^equired beCore an animal model is selected and a reliable 
procedure is established.^^ * 

Th^ need for a special test for esophageal corrosivity has been qiiestioned^^ 
on the grounds that the customary battery of acute tests for oral toxicity, skin 
ii;rilation, and eye irritation, when combined with information on chemical 
and pifysical properties, can provide reasonable presumptive evidence of a 
severe irritant or corrosive hazard on ir^gestion in the absence of empirical 
data. Indeed, the need for such an animal test might also be questioned on 
humane grounds. '^-^ 
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This chapter addresses that part of 1 he Federal Hazardous Substances Act 
Regulations that define toxic subs, jices as inhalation hazards (16 CFR 
, r500.3(b)(5) and (b)(6)(i)(B); see Appendix A]. Hazardous airborne sub- 
stances are those that occur in co^icentrations that could foreseeably be en- 
countered by humans ^Jj^ring use. However, the methodologies discussed here 
should be able to as^s potential toxicity caused by accidental inhalation of 
high concentrations as well as low concentrations likely to be encountered 
over a long period. I hus. careful consideration has been given tp inhalation 
tests and techniques that could serve as guidelines npt only for assessment 
ot acute inhalation toxicity, but also for subchronic and chronic toxicity. 
Assessment of chronic toxicity has assumedjreater importance with the in- 
creased recognition of chronic toxic response. 

This chapter will serve as a guideline for the, conduct of inhalation toxicity 
assessment and be of assistance in determining procedures to be used in 
complying with the Regulations. It is not, however, meant to be an all-in- 
■elusive listing of methodologies used for total assessment of the inhalation 
ha/ard of potentially toxic substances, nor does it address inhalation toxi- 
cology in its'entircty. Greater detail of testing methods can be found in the' 
litoVctturo^'- .1^-- ■ 

ted in a variety of potentially toxic 
^own and unknown, can prtxiuce injury 
ij:at()ry tract is particularly vulnerable 
yjc.ss protected than most body systems. 
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Mi)rLWcr, it can be subjected to insult, not only when a toxicant enters the 
body through the respiratory tissue, but also, in some instances, when a tox- 
icant leaves the body via the respiratory tract after having gained entry by 
a dilTerenl route. Const;44iently, injuries to lung and other body tissue resulting 
trojii inhaled toxic substances can have numerous ramifications, depending 
on the degree oftoxiCity ofthe substance, concentration and (iuVation of.ex- 
posure. and existence ol an immediate or^jitent effect. The anatomy^d 
physii)logy of the respiratory tract have great inlluence on the toxicity of 
inhaled vapors, gases, and particularly inhaled particles. 



i':xposi Ri' c hamh[:rs 

Ij is important to ilislinguish betv^een aerosols and vapors or gases. Th.c^ term 
-*;a(?rosor' usually refers to solid or liijuid particulates but not gases or vitpors 
that arise from J iquiil surfaces. But because gases and vapors may become 
adsorbed on p»rticulatc Uuitcrial. they may also be included with aerosols. 
In maii\ household pri^ducts. mixtures of solids. lii}uids, iLpd vapors or gases 
ipay be present. ^ 

(iases can be metered from juessuri/ed cylinders through calibrated How 
meters fitteil with differential pressure gauges to avoid the influence of 
pressure on flow. The gas tlow is then mixed vviththe.diliitiqg stream of air 
or other gas at the same pressure: It is then led into thc'exposure chamber. 
Metering pumps are also useil in the flow metering of gases or vapors from 
liijuid surfaces. Vnpurs can be generated from certain liquids (b.p. 30°C- 
7()°C ) b\ metering the liijuiil onto a mildly heated .'<'urface, diluting the vapor 
with air. and then I calling the mixture to the animal exposure chamber. 
C hamber concentrations should be determined Thermal degradation at the 
Site of vaporization shoulil be avoided. 

To prepare liquiil ami solid aerosols, the parent material should be broken 
up into particles of respirable diameter, ( < 5 ^mh). 'I his pt^rmits the particle 
to navigate the tortuous passages of the respirator} tree .and impact on the 
alveolar surfaces. The Wright dust feed mechanism, the l.ovclace aerosol 
particle separator (for monodisperse aerosols), the Vaponephrin nebuli/er 
(Jiquids), and the l.askin ;iiomi/er can be used for this purpose.^ 

Casarett and DoulP have elassificd particulate materiit^ls; discussed their 
beha\'ior. and described the cinironmcntal factors that g\)fern tTieir char- 
acteristics. Aerodynamic particle si/e is the most important propertv of an 
ilerosol u ith regard to its potential pulmonarv deposition and toxic action. 
In general, the smaller the particle diameter, the ilecper its penetration into 
the respiratory tract. The mass of the particle is also important toxjcologically. 
because toxic cfjccts are consistcntiv .related to the mass of the inhaled par- 
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liclcs and the number of particles per unit volume of inspired air. Thus, the 
particle diametcrand density govern aercxiynamic behavior in the airstrcams; 
'mass determines the dosage and, consequently, the magnitude of the toxic- 
effect. ^ 

Other factors to baW)nsidcred are bygroscopicity, particle shape (e.g., fi- 
brous), the total charge on the particle, and the density of the charge. In the 
' humid environment of the respiratory tree; a hygroscopic particle will grow 
thereby changing the deposition site and possibly the toxic effect. 
When used as intended, household products in aerosol form are polydis- 
i perse, i.e., they have a wide range of particle si/es. Consequently, these size 
fractions are dep'osLted at different .sites in the respiratory tree. Though ihc 
numbers vary, particles between 5 and 30>m indianttter impact because^ 
of ipprtial forces in the rrasopharyngeal /one; particlcsTrpm 1 to 5 ^m in di- 
djrt^l^ 6cpos\[ by sedimentation biitdfvthe trajcheobronchial region; and 
t jj^^f^"^**^ ^ ' ^'^^ diameter How into,>xie alveola rxpgidjn. Because of ^his, 
?*^^?^^Jy^'^P^^'"^^^^i^'"^^^^' ^^^"^ hous^'o|tf piodue^^^^ 
^^0m^:^pTc^i^\irmd container, i;i3€^4iavc-a||^i^^^^^ toxic effects, depending 
fWn the impact zone as affpctx^ by the parU^^6 size mass distribution. 

WithinJhe^xposur.a(^i!amber^^^^ a'gent is influenced by humidity, 
;^ surface cli^xac1teristics{limng fj^^^ temperature,.and flow rate through 
;t^e systtfhV In i hhaj^iiian^xp^^^ these factors should be stabi- 

,3i7cd. For exampley^;^/i sevc^^^^ groups of animals are exposed to the same , 
prxKiuct, thic operating' vari{«>^^^ Jshould be consistent among the chambers ' 
^ used. The'chamber t(.:mperSfi)re and humidity should be controlled and 
monitored. „ " ' ^ 

^The nominal concentration of gas, vapor, or aerosol within the.chamber 
can be computed from the<^ount delivered from the generator and the air 
::,fTowing into the chamber. Flow rate and chamber size should be such that 
the uptake curve is sufficiently steep to reach the desired concentration 
promptly. Concentrations tested should not be so great as to reduce appre- 
ciably the available oxygen or to approach the 16wer explosive limit of 
flammable systems. Silver'^^ has shown the pattern of chamber uptake of a 
gas ma dynamic exposure chamber. Analyses can be used to shov^this uptake 
pattern i^id demonstrate the maintenance concentration. Several analytical 
techniques are in use for chamljer- analyses.. These include impactors for 
particulate aerosols, wet chemical methods, colorimetry, gas-liquid chro- 
matography, atomic-absorption spectroscopy, infrared spectrophotometry, 
ligfht-scattering particle counters, and other -^umental methods. It is 
technologically important that the nominal aiio <inalytical concentrations' 
be close, because this indicates gocxi control over loss of the test agent. If this 
prmciple is observed, analyses during the exposure period need not be fre- 
quent, thus resulting in a cost-effective operation. 
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Household products, especially polymeric ones, may be subjected to heat 
and undergo thermal degradation. The fumes generated by this heating could 
he irritating and possibly toxic. Standard methodology for evaluation of 
pyrolysis/combustion products is not yet available; however, the National 
Academy of Sciences has published guidelines.' ^ 

The complexity of toxicologic evaluation is compounded in the ease of 
inhalation exposures, not only because of equipment requirements, but also 
because of questi/ns of actual concentration inhaled and amount retained. 
The dosage deftends on several factors, including physical and chemical 
properties of the agent, target tissue and kinetics of penetration, disposition, 
normal and/or impaired clearance mechanism, metabolic conversion, and 
the nuniber of entry routes, e.g., skin and /or ingestion. Dosage and the 
amount entering the internal milieu of the body is difficult to determine for 
inhalation expo.surcs. That is why inhalation toxieologists refer toexpc^sure 
in lieu of dose, f-.xpof^fc is defined- in terms of concentration ^ [t). 

and. sometimes, both (i/).'^ 

There are ma.ny types of inhalation exposure chambers,^-^ but general 
purpose units are sufficient for the exposures discussed in this chapter. 

Inhalation systems are basically categorized into two types: static or dy- 
namic. The static system introduces the te^t agent into the chamber as a batch, 
followed by- mixing; the dynamic system has a continuous airflow and in- 
troduction of the test agent. Static systems have limitations, primarily the 
loss of exposure agent with consequent decrease in concentration. Also, the 
volume of the chamber poses a limitation because of oxygen depletion and 
carbon dioxide and heal buildup. ' ' 

The^xposure technique generally used today, and most appropriate to this 
chapter, uses dynamic systems in which bothJ^e ai'rflbw aTid introduction 
of the test agent(s) are continuous. The agent iSSmtroduced into the chamber 
until the concentration becomes constant and perfect mixing occurs. Then, 
the theoretical concentration can be calculated. The dynamics of such systems 
have been described and verified.-^^ but many factors, such a^ How variability., 
animal uptake, and adsorption to chamber walls and/or animals, contribute 
to a difference between theoretical and actual concentration in the exposure 
unit. Thu.s. there is need to measure the actual concentration by sampling 
and an^i lysis. Otherwise, characterization of exposure concentration and 
dose-response relationship is questionable. 

When expc)sing small numbers of animals, particularly in pilot tests and/or 
l,C50 studies with rodents, exposure systems typically consist of a closed 
container with facilities for . .md contaminant supply and exhaust. A simple 
version is the cylindrical b lery jar (or all-glass chamber), which is small 
enough to be operated in a Uirne hcKxi. A minimum si/oof 30 to 40 liters can 
accommodate 6 to 10 rats, d^^^pending upon age. Such units arc described in. 
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t-KUiRi: 1 ^. Schematic diagram of inhalation exposure unit. (A) Vapor generator rotameter; 
- (B) nonreactive tubing: (C) mixing Hask; (D) diluting air ^rtvametcr; (E) glas^ cylindcr; (F) 
wooden champing bar; (Ci) wing nut; (H) glass 'cyii^icr sup^ri; (I) wooden frame; (J) com- 
pi^essed air inlet; ( K ) chamber exhaust outlet; ([.) door; (M) vapor generator. Adapted from 
Feach.ii 



detail clscwhcrc^ '^ These arc depicted in Figures 1 and 2. Because of the 
limitation imposed by chamber size, it may be difficult to adhere to the rec- 
ommended practice of containing the animals in individual compartments 
within the exposure chambers. 

A .second small system, which lends itself to greater adaptability and utility 
in sihglc and some repeated testing, was designed by Laskin and Drew'^^.^^ee 
f igure 3). The chamber is a cylinder. 14 in. in diameter and 2 ft long, with, 
domes at cither end. It is supported by a plywood-metal frame. Standard 
rubber 0-rings serve as gaskets between the cylinder and the domes. Plastic 
fittings arc cemented to the domes and act as intake ^nd exhaust ports. The 
lower dome is permanently mounted, while the upper dome is removable to 
provide access for animal cages, this system is comparatively inexpensive 
and can be replaced if contaminated or affected by lest agents. 

''Rochester" or ''New York University'^ inhalation chambers (Figures 
4 and 5). or modifications thereof, arc generally regarded as the systems of 
choice for repeated exposures.^'- These arc used in a great number of inha- 
lation facilities. The bodies of the chambers are made of stainless steel with 
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I Kil-R|-. 2 Schcniiilic diagram oi composiic inhLil;itu)n ylass cxptisurc unil. (A) Reducing 
valve i)n eoinproscd air inlet; (H) potassium dichri)niate-,suirurie acid cleaning solution; (C) 
glass wtH)l filter s>sleni, (D) dessieant; (I.) rota meter for dilution air; {V) rotameter for con- 
taminant pickup; |(i)contaminant source; (H) contaminant (ayent-air) blOed-off; (I) rotameter 
tt) nu)nitt)r contammant supply; (j) mixing tube; (K) exposure hne; |L) exhaust line; (M) 
sampling tube connected to vacuum source; (N) ihermonieter 



windows and arc available in various si/cs. The toxicant \^ supplied into the 
elean airstrcam at the top of tjic eha'^mbcr. Both animhi^iyastcs and air are 
removed at the bottom of the p^^cnid, the air going up the side arm of a Y 
fitting at the bottom of the ehanrber. A valve and/or trap in Ihe bottom 
maintains the static pressure of the system, as well as preventing sewer gas, 
vermin, etc., from entering the chamber. 

Design and/or operation of Inhalation systems demand good engineering 
principles. The airflow through the chambers varies from 1 0 to 60 air changes 
per hour, the lower limit being a function of hcatfemoval and maintenance 
of oxygen/carbon dioxide balance for a total animal volume usually not 
greater than 5 percent of the total chamber volume. Dynamic chambers have 
air-cxehangc rates that arie>e:xponcntial. A flow-ihrough of air equal to the 
volume of a chamber d<ks nut even approach a complete air exchange. ' ^ 




M(UJRI\ y Schematic diagram of plaslic exposure chamber. 



Airflow is monitored with venturi and/or orifice meters."^ Accurate con- 
struction, calibration, and placement of such devices are important factarii. 
Intake air should be filtered with absolute filters and/or charcoal filters before 
introduction into the chamber witlr1TI?fest agent.. It is particularly important 
to assure that the airborne agent is removed from the air prior to exhausting 
it into the atmosphere. Filter systems must be selected judiciously. Scrubbers 
or charcoat absorbers should be used in the exhaust process. Filters, elec- 
trostatic precipitators, cyclones, or a combination of these will remove par- 
ticulates from air leaving the chamber. The importance of these factors can 
be readily appreciated if the substance being tested happens to be a suspected 
carcinogen. The selection of exhaust air-cleaning systems should be based 
on the pollutant in question. The effluent air should be monitored to check 
Qn the efficiency of the air-cleaning process. Detailed studies of such con- 
siderations should be consulted. ^-^ 

Temperature and humidity should be monitoredrby remote probes with 
either contjnuous recording devices or visuUl display. ^ '-'^ Static pressure within 
the chamber should be measured with a Magnehelic gauge in order to 
maintain a slightly negative pressure. Whenever possible, fail-safe devices 
shoilld be built into the generation system to prevent accidental overexpo- 
sure. 2- This precautionary measpre could save the experiment in the event 
of a power failure, as the test agent would not otherwise be stopped during 
loss of airflow through the chamber. 
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In several situations it is desirable to expose only the head or the nose of 
the test animals; for example, yvhen skin and/or ingestion could complicate 
interpretation of the effects of the test ageats. Good toxicological evaluation 
demands innovative techniques.^ 



ACUTE INHALATION EXPOSURES 

Single, high-concentration, inhalation exposures arc used to dctermina.<he 
approximate toxicity level of a chemical compound or mixture for compar- 
ative purposes. Broad classification levels are defined in 1 6 CFR 1 500.3 (see 
Appendix A). The nature of the toxic effect, if any, should also be determined 
through this process. The concentrations to be used in chronic repeated in- 
halation exposure tests can be established. These procedures are also appli- 
cable to brief and intermittent human exposures. 

The most informative and useful technique for determining the acute toxic 
effects of inhalation exposure is the one used to determine the LC50 value 
for rats. .An LC50 value is that atmospheric concentration statistically esti- 
mated to kill 50 percent of the animals exposed for a fixed time within a 
specified postexposure period. Title 21 of the Code of Federal Regulations 
defines ihe exposure period as 1 h and the observation period as 14 days. 

Using the contaminant-generation techniques and chambers described 
earlier, rats weighing between 200 and BOO g are exposed in groups of 6 to 
10 animals each to several measured air\concentrations and observed for 1 4 
days. The statistical confidence limits will vary with the number of animals. 
When it is determined that at least three groups have 14-day mortality rates 
between 1 6 percent and K5 percent, the KC50 value and its 95 percent con- 
fidence limits can be calculated using the method of Litchfield and Wilcox- 
on'"^ or Miller and Tainter.'^' 

Preliminary range-finding tests can be conducted using two or three ani- 
mals in each group. Exposures should begin with a relatively high concen- 
tration (e.g.. 10.000 ppm). If 100 percent mortality is achieved within 1 h. 
succeeding test concentrations should be reduced by a factor of 1 0 until no 
deaths occur during the specified pericxi. At this point a judgment can be made 
concerning the concentrations to be used in the LC 50 study based on severity 
or lack of toxic signs observed in the range-finding tests. 

Although death is the measured end point for the LC50 determination, 
^bjicrvation of toxic signs should be madeian'Jyecorded. The types o^obser- 
vatii)ns and records to be made are dcscri&o^Tn previous chapters. Animals 
expo.sed^via the inhalation route should be observed for at least 2 h postex- 
j^(^life ft>r signs of irritation of eyes. nose, and lung tissue, (jross changes in 
/Q^Vatory rate, diaphragmatic breathing or gasping, and frothing or bleeding 
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from the narcs arc some signs of irritation of lung tissue. Other evidence of 
discomfot i may be pawing at the eyes or nose. In addition to these observa- 
tions, records should include time of death and gross pathological changes 
noted at necropsy. 



CHRONIC FXPOSURH STUDIES 

Repeated inhalation exposures are conducted with product^, whose intended 
use will be frequent and for extended periods. For purposes of these guidelines, 
the number of repeated exposures to be conducted depends on the purposes 
of the experiment and the use of the product (e.g., 2 days up to a lifetime)!' 
The terms subchronic or chronic have been used io describe these studies. 

ThSTDLSMGN^. , 

The number of animals to be used in each group should be determined by 
length of the experiment and the observations, measurements, arid interim 
sacrifices'to be made during the exposure periods. At least ^onc rodent and 
one n.onrodent species should be used for all repealed cxj^osufc "Studies. The 
laboratory rat is the rodent of choice, and, depending on the available chamber 
si/e and configuration, either the nonhuman primate or thfe dog is the non- 
rodent'species of choice. " ' ^ 

The minimum number of animals for the various periods of .^udy are shown 
in Table 1. In studies longer than 1 yr, the initial weight of me rats should 
range from 50 to 75 g (weanlings). Shorter studies' should begin with rats 
weighing from, 100 to 150g. The number of nonrodents in each ex^rimental 
and control group should provide at least four males and four females for 
pathological evaluation at the end of the study. Dogs should be between 4 and 
6 nio of age: nonhuman primates should be young adults. 



TABLf- 1 Mininnim No. of Animals to Be Used in Different Exposure 
Periods 

^^^^^ ' NonrodL-nts 

^(.riuip*"^ ■ "*.'^:'>\ KMKOlLivs . IKO djVs All 1 P.^hods 

^ I \poMiri- M.ik- U-iiiali' M.ili: I enuk' Muff I-lmiiuIc ^^^ic Icmak* 

I < nntrol ' ^-Ji'- ' 

tiliiTcd <nr In Id 2(i 20 50 50 4 4 

- II I 'Hv Ii'Vl-I id 1(1 20 20 5(1 ■ 5(1 4 4 

III IritLTini-dufi' 

lfvi:l 10 )(| 20 20 sif 50 4 4 

IV Hi^h IcvL-l 10 1(1 20 20 50 50 4 4 
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The length of each daily oxposu'r'e tind t1ie duralibn of ihe.s^ud^ 
be determined by the intended use of the product, f^r ejtampfe, theiaa 
use of some products is once a day f%r a.very short duration (minUteS 
others, such as paint vapors, the exposure muy be for hours. Therefore, thb 
daily duration of exposure of animals>in ^ repeated-exposure study sho,uld 
approximate the exposure conditions of the product user. Simulation of actual 
use Conditions is nyt always advised as an initial step,^s controlled studies 
at an effect level can sometimes give information that'wiirmore clearly de- 
lineate the d(isired levels for repeated exposures over ton g periods. 

The following observations should be made and*i;ecorded during the ex- 
posure: 

• C finical si^ns. I{ach animal should^e observed twice daily for signs 
of toxicity. 

• Body weigh!};. The bixiy weights of the rats should be recorded initially, 
weekly during the first 13 wk, and monthly thereafter. Body weights of the 
nonrodents should be recorded initially and monthly throughout the 
study, 

• Hematology and clinical biochemistry studies. Hematology and 
clinical studies should be conducted prior to and periodically throughout the 
exposure in the nonrodent spccit,For practicafereasons, clinical biochemistry 
studies may be limited to times ofsacrifice anothe end of the exposure period 
for the rats. The types of measurements should be determined, if possible, 
from prior knowledge of the toxicity of the product, such as signs that were 
manifested during preliminary short-term toxicity tests. Certain mcJasure- 
ments serve,as an index of the health status of Ac laboratory animals (see 
Appendix C for suggested list). The importance of quality control cannot be 
overemphasized. It is imperative that clinical laboratories participate in a 
quality-control program. 

PATHOLOGY STLIDIFS 

(iro.vs Pathology and Tissue Fixation Each animal that dies, as well as all 
survivors, sh.Quld be necropsied and all gross lesions noted. A careful exam- 
ination of all (^gans should be made by trained technicians who are supervised 
by competent animal pathologists. After sek^t organs are removed at nec^ 
ropsy and weighed, the ratios of organ to termmal body weight may be cal- 
culated {see Appendix D for suggested list). The major organs and tissues 
should be removed at necropsy and fixed in 10 percent neutral buffered for- 
malin (sec Appendix D for suggested list). The lung should be removed in 
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toto and perfused intralracheally with an amount of 10 pc/cent neij^ra,! 
buffered formalin that is equal to approximately 75 percent of/the totalHuVg 
capacity (Tt.c) for that species. A maximum pressure of 2-5 cm of \*ifer 
should ife used for perfusion. ^- *- ' 

Histoputhology Microscopic slides of the tissues should be prepared and 
evaluated from all animals in the control and high-level groups. Sections frorn 
all lobes ofrthe lung should be examined. In the low- and intermecjiate-cx: 
poi>ure groups, histopathological examination shoujd be made of at least the; 
nasal cavity, lungs, trachea, peribronchial lymph nodes, liVtr, kidneys, gonads, 
and all grossly observed IcsiorK. Any others that showed injury in the high- 
exposure group shoiild alsi) be examined for the low and intermediate 
groups. . 

Statistical Analysis Appropriate statistical tests should be applied to the 
body weight, organ weight, and organ/body weight ratios. 

■ i ' ' 

sviw w [ abokaVokv Ti:cnNioiii:s 

There are many special laboratory techniques available for evaluating the 
toxicity of inhaled household products. These include intratracheal admin- 
^ istralion, pulmonary clearance studies of the rate of removal of particles from 
the ri^spiratory tract, alveolar macrophage studies to assess the response to 
irritant n)'ateriats,'^ body plethysmographic studies to determine sensory 
response,' - unA pulmonary flow-resistance studfes^"* While it may be desirable 
to use the.sc^techniques in some situations, they generally require special 
equipment and experience and are not recommended for routine applica> 
tio'n. . > '■ 

i AK( i\o(;iMc nv sri imi s 

When planning a carcinogeniciiv experinienl by the inhalation route, refer 
' to Chapter 5 for ex periincnt design. 
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The ideal chrome toxicity test in animals should reliably predijct all of the 
. potential health hazards tjiat might be associated with a long-term, low-level 
exposure of man to a toxic agent. Although negative findings in such tests 
are frequently used to establish safety (or safe exposure levels), the primary 
goal of the chronic toxicity test, like that of alttoxicity tests^ animals, is to 
identify andcharacterize toxicity. Since its^purpose is to detect injury in ^Ij 
target organs and systems, its protocols may differ appreciably from those 
for tests designed to detect specific toxibscffefcts.-suth as carcinogenesis or 
tpfatogenQSis. ^fi^hough information aboul'the carcinogenic potential of a 
toxic agent^may tSe obtained from a well-designecl chronic study, these tests 
provide niiore iirfprmation than a simple carcinogenesis bioassay. Similarly, 
the use of combined protocols to obtain information about the teratogenic, 
reproductive, behavioral, and other effects of an agent as^ dividend of these 
tests may impose levels and duration constraints that destroy theorig^inal 
purpose of the chronic tes{. , * . 

In addition to detecting the chronic to?Cic effects of a chernical, such studies 
should also identify the exposure leyelis that produce the injury, as welhas those 
that produce no observed effects. Chronic toxicity tests should provide, 
therefore^ data pn both the dose-effect and*dose-response pharacteristics of 
tlie chemical under study. The classical approach to the study of chronic- 
toxicity has usually involved studies in two or more s]3ecies of animals that 
are exposed by the routes and in the concentrations most ^appropriate for the 
tbxic agent for periods ranging from several months to several' yea|;s.. Such 
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studie&arc exp^jf^lli^ time-consuming. but there is presently no substitute 
technique thq^jls aw^^^te for assessing Ipng-term huixian health hazards. 
The degVcie^rconfidcincc with Which such hazards may be estimated depends 
on the quality of the toxicological data; therefore, considerable care must be 
taken in the design, execution, and interpretation of such studies. 

It is axiomatic that chronicftoxicity studies are performed only after t^sts 
for acute andsubchronic toxicity have been conducted. Usually the specific 
te^ls for toxicity, such, as organ toxicity tests, will also have been completed 
before the chronic toxicity study is initiated. These subchronic studies arc, 
in fact, quit^ likely to have identified mostl^f the tnajor types of toxicity that 
wiirbe encoLintered in the chronic toxicity stucfy except for carcinogenicity 
and cuqfiAJlative toxic effects. Acute and subthj(^nic t6xicity studies cannot 

^be'substijuted f<Jr thC'Chronic tdticity 5ttidy, 'as the acute and chronic toxic 
effects of chemicajjeniiffer. In addition, shorKterm studies may fail to predict 
toxic effects that^rc related to the aging process. However, these studies are 

^ of critical itj^portao gc fo r the proper planningxpf the chronic study. The ob- 
jective of the chronic stuBy is not to confirm positive findings from the sub- 
chronic studies. It should provide dosage infor-mation on the toxicity shown 

. in the short-tej^ 3tudies so that toxicity can be avoided, i.e., to establish a 
no-obscrved-cffect dosage. 

; Another major objective of the chronic test is to evaluat& the potential 
tumorigerfi^y of the test ^©mpound. The only conclusive data that implicates 
a compound as a^tumorigenic agent are obtained in the in tj/fo^chronic test^ 
In the near future'atJditional work may support an increased confidence in 
the value of short in vitro tests for carcinogenicity (cf. the in vitro Ames-type 
test using microsomal enzyme metabolic systems), at least when negative 
test results are obtained. ' ^ 

A compound must have considerable econonfic importance or at least bq 
of acadcmijCimerest if it reaches the stage where itMs considered for chronic 
studies. OncPfhc decision, has been made to undertake a chronic toxicity 
study, every effort must be made t^ensure that the test will produce data that 
arc vali^, relcv|inl, and applicable to the experimental of clinicafsituation 
i^nd that all of the available information has been extracted from the study. ■ 
To accomplish these aims, professional judgment must be exercised 
throughout the study, particularly in the critical areas of ^Jose-l^^^^jsgl^tion, 
clinical evaluation of the test*animals, and ihterpretati(yi of the-resuj^The 
elements of good laboratory practice^Jpropei; record-keeping, data verification, 
protocol adherence, and justification of deviations from protocoj^should be 
ci^loyed throughout such tests. • , . ^ ^—-^^^^ji....^^ 

No single set of toxicity tests protocols will be adoquatern every experihfi^nt.J^ 
The recommendations in* the subsequent sectiqps of tT^j^ report are minir ^ ' 
guidelines for the t©xicological evaluation of a chemrc«&gcnt. 
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;TAG{:NT AND iTS PREPARATION • ^ ; 

Household substances are comprised of a wide varicty'of liquid, solid, aad • 
aerosol products. In evaluating the safety of these substances, Carqful attention ' . 
..must be given to the physical form of the tcst^tciial. Specialized facilities ■ 
arc required forj^csafet^ evaluation of gases ahd aerosols (see C^aoter ^).' 
In certain instances, djsrmal 'toxicityaests may be required (see Chap- 
ter 3): : . - ^^ T: ' ^ • - 

The purity ari(J c^cvriic^l^c^xr^^^^t the test substance should' be rig- ' 
orou<{1y cviluatt^^prior t^ undjl^^Ttoxicity tests. As much information* . 
as gossibki^i^ b^o^^^ on jHSq chemical natiire.of ingredients of mix- 
tures, includinigeir'stability, the nature of^chcmical impurities, the chemic&l 
form of the vehicle or diluent, and the physical properties of the test substance 
at room tcmpcratur^v/o^^in the interpretation of the results of toxicfty : * 
studies, only. one lot of.ti^^ substance should be used in toxicity tests; 
however, data should be'ayaflSble on int|^rlot Variation. O ' ^ 

Liquids may be administered by gavage or admixed in th^ dri:h king water, 
if they arcsolubk- I he most convenient method^ofadminist'rSfjon in chronic 
toxicity testing is via the diet! Both^i^ids kh.dVinely ground^^^^ be ; t? . 

incorporated inrlift anin^ai rations. Th^'stability of the test substance in the ' 
Jict must bcdctermined/hs to|icity maybe altered by interaction with di- ' 
ctary constit'fcnti, 6r principal toxic Agents may lost due to their vapor'" 
pressure. , . ... 

^v. ^ \; ,^ ^' 
The die(j|cd to tht; test animals should meetiflrH of their nutritional require- 
ments'^ |nd promote longevity. It should be free of toxic impurities thatcdufi""^ 

influence ttic outcome of the toxicity test. Batches of iht diet should an- 
alyzed for pesticides (chlorinated hydrocarbons, etc.), mycotc^ins (aflatdxins, 
ochratoxins, etc.), andSHdustrial contaminants such as pcb's, lead> 
mercury^ \ ^ 

Commercially available diets of recognized quality are suitablelo 
toxidty studies, but (Occasionally, when the riirtrieht compositiorf^rc. 
alteration toachieve nutritional balanceamong test groups, semipurtfii^ 
may be used.' '^ '^ Fresh feed should be provided as oftcn'as necej«ary,"b{it 
at least weekly. Rodents should be fed ad libitum. Nonrodents may be given 
fresh feed cKJy. Peri6dically, the did should be analyzed for nutrient.content, 
as major aWerations in diet composition may affect the nature of toxic re- 




So 



♦ 



• Chronic Toxivily/Carcinogenicity Tests 77 
SHUiCTlON OF SPHCIFiS AND STRAIN 

The species of animals used in chronic toxicit^-,j|^i^ng wjll depend, to a large 
degree, on the test objectives. Metabo^fe^aiii^ p|^siologica|^gnsideratioris 
musJt be include^ in the selection proces?nf the indlabolism the testcom- 
pound is knowtV^* man, the metabolism of the species i^elected should respond 
similarly. For example, the rat or fnouse ar< (tf lift^ite d^ue f or studying the 
neurotoxicity of methylmer^ury compounds, because rodents,-^unl4ke humans, 
^. Tapidly itictaboli/e these compounds lo a. less toxic inofganic fym.'^ Cats 
= and nonhumiMi primates metabolize these compourii|^ similarly to hutnahs. 
^ They are, therefore, more -appropriate test speq|ps.^" THe use of dogs, cats, 
aii>d nonhuman primatCS'is sometimes indicated \yhen studying the neurotoxic 
properties of chemicals, as neui'ological testing procedures ar^e well established 
' in these species.^- '^^•''^ . ' : . ^ / 

In carcinogenicity assays, becauiie of the large number offiiiirriais needed; 



afid the requirement to conduct studies for most of^the animals' I\vcfe; choi<:^.^ 

haikjW 



,^is restricted to ra^ts, mic-e,'or hamsters. Certain iftf^ij^ of these speties* ha#? 
becon^e'widclVacccpttd as test animals fii carciiioi|j^city bioassay because' 
, %;a great deal is known about their "spontaneous tui^Sr incidence, sensitivit^^^ 

"^tb tumor induction, avai.labilitv. genetic stabilityj^'^liiardiness, and longe 
/ ty.'" ; • " ^ ^ . 

When there is' little information on fhe mctabolis)^ or toxicity of Ih 
s\ibstance in- humans,, the results of subchronic toxicity, metabolic, and 
pharmacodynamic studies will aid consjd<^rably in the selection of test.species. 
in general, the specio and strain showing tjfiffc greiitcst senslkivity in siibc.hficmfc 
studies should be selectecffor chroni^cSicity studies provided that it^fces<i|j 
not react atypically to the ,C(^ij^ound d|*c to met^^lic peculiari|.^^ ■ 

. NIJMBF:R or ANIMALS ' 

In chronic toxicity tests involving rodents, partlc^arly in cancer bioassay 
procedures, it has become accepted practice to use 50 animals of each sex per 
dose level. Fewer anin3alsf)cr group may be used if Ihe number of dose levels 
is increased, but l.oomis'- has recommended a minimum of 20 rodents of each 
sex per group. Range-finding and subchronic studies will provide guidance " 
ill the number of animals needed in the chronic toxicity test.*^ The number 
will also d^nd on the degree of statistical confidence desired in the toxicity 
~Xappraisal. When using dogs, cbts, or nonhuman prinuiK, each group should 
consisPof a minimurp of four animals of each sex. If iiwanticipated that in- 
. terim sacrifices are required, additional animals will be-needed. Care must 
be taken to ensure proper randomization and distribution of littermates in 
both control and experimental groups. 
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C O^^(^KOI; ANIMALS * . . 

Thii.quality of data obtained from the test i^ji the statistical evaluation of 
*the results rely heavily on having adequate control'dala from concurrent 
controls that were obtained from the sao^ source. Although Historical contrd 
data may be a valuable source for informatidion the inciden^f neoplastic 
lej%«fi,>'^ disease patterns, or other peculiarities of th'Js speciwWain, such 

, ckiPa are not considered^adequatc astontrol data'in toxicity t^K 
The corttrol group shouW contain at least as manyirrrrmal5pf'd5 
^ each of the test groups. Some authors'^ recommend that it contau.^^^^ 
ma'hy. E\cept for treatment with tHe test substance, the control animlfla're 

^ treated identically to the test animals. All measurements should be conducted; 
on both. the treated aninfuils iind Sn the controls. All lesions or other ()He- 
nomena occurring in the control animals must be carefuify noted, afi spon- 
taneous disease processes may influence the toxicity of tlie to^t st/bstance. 
In any type of toxicity study, the treated groups should no't inadvertentiv 
exfX)se the control groups, laboratory workers,'or animal caretakers tq toxic 
levels of the test agent. Such laboratory safety considerations are particularly 

^ important rn chronic toxicity testing. There mayvalso b^ neec^ for "positive" 
controls in order to establish the susceptibility of the test^j^ecies CM- strajn K) 
the specific toxic effects of the tpst agsjit. Such ^ositive'^^con'trols miy>e 
essential in detecting borderline effects and minimal enhancement of normal 
pathological or age-related conditions. . I 

' / ■ " \/fh 

* DOSESELEXflON ^ VC^' 

. t ' • ■ ' ^ ■ "'^ 

Dasesjor chronic toxicity teits may be selected on the basi^ of resuils of : 

^ubchronic studies; however, suc^j an approach is somewhat empiricaMt is 
nb^Uncommon in chronic t9Xicity tests to find th^t the top dose group suffers . 
fe^nexpected toxicity during the first year of the smdy: This is f^^^whrly true 
Wg the-studybf such compounds as thehalogenated aromatics and some of 
the alkyi metallics t*iat have sWw rateis^elimination and tend to accumulate 
in the tissues. For t^reason. It may be helpful to undertake pharmacodyn- 
ajTiic studies, incli^^ r^tcs of absorption, metabolism,' and excretion. These 
•may assist in establishing the behavior of the test substJance in tht^^y 
Studies of this nature WilLpiFovide information on the degree to which 'he tc^ ' 
substance may accumulate in various body compartments and '^nxfSbv^ 
ui>cxpe(;t^toxfcity. Particular atjfemion should be given to CMcic^ df"^ 
dose-dependent detoxification, since metabolic overloading m^y be pr^uced 
at high (^flse levels. Such information is neeessar>Nki the interpretation of the 
toxicity data. • ^^--^^^^^-^ , . \ ' 

, In chronio^xicijft' testing, the es.^ablis^ent of ^no-obsei^ed-eJirfectvleyd 
is usually, an obje<^ive. To accomplish thife a itiinihium of ^three dose leVels 
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is required. The upper dose level should prCKluce some signs of toxicity but 
should not greatly alter normal physiological function.'The lowest dose level' 
would not be expected to produce evidence of toxicity, When selecting ap- 
, propriate doses, consideration also should be given to the anticipated level 
of human exposure and the margin of safety that might be used to evaluate 
the results of the chronic toxicity test. j 

DURATION OFSTUDY 

A basic principle in chronic toxicity testing is that the tesl animals be exposed 
to the test substance for a large portion of their life span, This approacli, 
though desirable, IS often not attainable in practice, particularly if tests are 
conducted irt long-lived species. : 

In cancer bioassays wjth rodents, itis generally agreed that th^.experiment 
should itart with weanlings and^^ontinue for ^^inimurh of 2 yr When ex- 
posure of pregnant women .iK:^j^5sible, it should commence i^utero and 
continue with tlie F^::gener^^^^for lifetime. In this approach, groups oC 
weanlings are.cxposed unti^ ^j^j^l^aGh sexual maturity. They are then bred 
within, dose groups, Followirtjg^aning, the offspring are exposed to their 
T)arents! diet fx)r their entire lifespan. In practice, it may be necessary to 
|;acrifice tljjemaining, animals in the higher-dosage-level group/prio? to 
the endiofWe study to ensure an adequate number of animals fol the pa- 

V thplogy studies. Although the point at which the survivors in any groi^p are 

V sacrificed depends on the initial size of the group and rnortality rates, most 
chronic-toxicity-tegt protocols recommend sacrifice of the remaining animals 
when their^rnij^jafejjfcjfijl^s 2^|^pent. Excessive mortality in all Qf the't^j||(^pd ■ 

\groups iisu4i}J™»j^^^ in dose selection oi; a conqt^isfint 

disease probljl^p^^ species, such as. dogs or nonhtin^^fvp^ates; 

lifetime exposi5<ffi^(l4F|^n^ feasible. Most studies in these species are termi- 
nated after I to I^rNTefiminating ponrbdent studies after 1 or 2 yr ISlUlctly 
art empirical p,roccss,2Carefully conducted pharmacodynamic studies wilj 
assist in establishing when to termirkite the study, since data on steady-state ' 
characteristics of Jblood levels nr.xy^h obtained. Treatment that is continued 
for a substantiai^riod after the attainment of steady sta'te without any no- 
ticeable chatlgj^n toxic effects will usually provide increased assurance for 
the selection tWScrificc times. 

■ \ , 

ThST PRQCKDURH 

ROl Tl- bh ADMINISTRATION 

In chronic toxicity tests, the route of ad^iinistration of Ihe test substance 
should be similar to the antitiipated route oraBhwiistratiAn inTiumans. If that 
ftoute is oral, the test material^mav be added the di&iy^^utking water, or 
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It may be administered by gavage. An advantage of gavage is that dose levels 
may be quantitated readily. This may be imp6rtant in definmg. a no-ob-^ : 
served-effeet level for a substanec having a steep dose-response or in instances ' 
' where a tight dos^^range is used. Gavage also provides inereased control over t 
the handling of^^Kazardo'bs substances. Because it is a tedious technique;"*^ 
man> investigators prefer the diet, which is the most convenient means of . 
administrauon. The.l4i5t piaterial ijiust be uniformly distributed in thcdieiV' 
and the particles of^Tolids must be sufficiently small soTftat the animals will ^ 
not reject them selection. 

In rodent studies, ihe diet may be administcced JtSkwo^ways: first, by ad- 
dition of th^ compound as a fraction of the iotal d»8| or second, by adding 
a sufficient quantity of t|ie chemical to the diet to achieve. predetermined dose 
revels (in milligrams/kilograms body wejfeht/day), In the latter case, the 
dietary concentration mus^ adjusted weekly or biweekly to maintain'a :i ' 
constant dose level, since food consumption per unit of body weight decreases 
as the animal gets older. If the concentration were held conslant^from weaning 
to matOyHty. the actual dose received would be reducfa^y approximately 2.5 
times ov^ the dosing period. This may have profound effects on the severity 
of tht toxic response and ni^iy. undc^f sdfne circumslanges. be mistaken for 
tolerance. * ^ - - " ^ 

In dog studies, administration in t4ie diet is an acceptable route;^wever. 
Vfff)sulc administration inayV necef^sa^ for unpalatable compounds, the 
.problems encQunlcred in admifSistn<HioiWia the drinking water; are similar 
.^^^^^^^"V^i^nlcred in 'diet admmisNation'. An added factor, solubility of 
tjic test sub?;tance. must be cdnsidered. l ; 
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HODV W[-ICiMT AM) I OOD C 0>;SI MPTION 

Tcstywith mosiYbdent species (rats, mice, ham^tm) are usually started .soon 
^ . after the animaLs^are weaned. For the first 3 to 6 mo af the study, the animals 
grow rapidly. Body weight's and growth are iinportarft measurements of ad- 
verse effects. The weight's arc 'usually measured weekly during this growth 
period and mon^ly thereafter. The frequency should be increased when there 
"''^^mMaige nuni*rs of tumors or im apparen^^erioralion in the alnimals 
health.- IdealL/jweights should be recorded fo^l^vidual animals. Tlte sam^ 
^ cxami^atio^Vand procedures shguld be used for^l test animals, including 
.contj^ol's, L.argcV Vnimars such a^^^dii§<;^m^ monkeys usually are weighed 
weekly througl^out their lifetimes ds a|1 in^Sx of growth. 

Measurement of food c<!^sump.tion. while of limited valuJ^in monitoring. 
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a study, nevertheless is useful in deterinining the dose administered ii\^fced 
and the effects on food consumption. An alternative to continuous mea- 
surement is to measurca representative sampling of each test^roup for I wk 
each month. 

Food efficiency and /or food utiIi7,ation can be calculated from the amount 
of intake and growth rate. 

MORTALITY AND Ri-ACTIONS 

•f 

liability, general physical condition, and adverse b^avioral changes ot vwtn 
whimal should be checked once each iriorning iind late afternoon for / days 
each week. Animals in poor health with life-threatening conditions should 
be isDlated. Those whose condUion^makes altrr vival f<^r another 24 h unlikely ^ 
should be immediately sacrificed and necropsied. Rtipfd necropsy^isj^artic-' 
ularly desirable in thcf later stages of the study. '^'that tissues can behaved 
for histological examinati,^^ ^ ' , > ■ ' 

-y 

- . V . 

C'l.iNlCAl. ANf|.ABORATORY F::5^^INAT10NS |S 

Astute clinical observations>ca'j^ alerfjj^ investigator td the early onset ^£ 
an infectious disease or degene^c^l crfj^ due to the'teSt comp6und. As ^ 
* ' ' ' ■ ' ij^jcpf^s&ents a^.gre^^ in timi^and 

fe'to disease, unw^hted toxiWy,.^ulolj^sis,;or 
. JJhe cost^''5fxarefuI and fret[wpii|iclijiical ex- 
J^o'ni^in the examinations^reduci anirf|^I losses^^ 
Wf^ftife\>aluatiri^lhc test'or i^j^^tsuf^' . 
Jd be'c«fef|ilff ex^mWHT^^ wepM by i:om-^ 

_^^imal le.ch'Jiicians. l-n aiditio^o an examination for ab- 
normalitiej^if ti'air coat, eyes, mouthy teetn^ nose, and ears, both urine and 
'feces should b^Hjjecked for ctiscolqration and J:on*iistency, The/anipiaf^sJjould 
also be palpated Vor bodyTqVsses and observes^fornc^rofogical conij|jons. 

Special clinicjl exaifiinrfi^ons, such as eJec|rocMrdidpa^is, el<?^pea-^ 
sccphalograms, ^ectromyofi/amsriel^^ U'nd pthei^jpftth^il- \ 

l^oscopic examjfnatlons, roiitine X rays, and checks respiratory res- ) 
piratory function (ptirticularly in^ inhalation studies)^, and neur^ogicajy 
function: are usua% conduQl<?d cjply on large laboratiSVy animalsX " 

Clini.cal chemistry tests should be judiciously selected. They may fbe based 
on Toxicity signs that were nfianifested during preliminary 6r short-term 
toxicity testsv or upon tiielype of compound being studied. For^xample 
certain organophosphate and carbamate compounds inhibit choTmestcras^ 
In a .study with\hese types of compounds, the activity of cholinesteras.e in ; 
plasitia, erythl^ytes, and brairp.should be measured as an index of effects, f| 
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''^^^'^^^^^^^ including organ function tests, hefetdogy 

^^^il^^^mm ofiVariolLls blood chemicals.^'^ Routing urinalysis are 

J^'' Mafvy of ihese tests are now automated and can be performed using mi- 
crosampIcs/The sampling procedures should impair the animaPs health. 
The cliliical chemistry determination^ sbould^applicable to'humans and 
be made as ifeccssary or indicated by the healthsTalusof the animals! A rieid 
saimlifig is impractical and excessively costly, 

Organ function tests are most commonly performed on liver and kidneys,- 
the organs most often affected in chronic toxicity tests. All technical personnel 
involved ir^conducting these studies should be properly trained and experi- 
enced in the techniques. The procedures, data verificrtion, and analysis of 
results should meet the requirements of good laboratory practice. The tests 
of organ function caqbejnadc on larger animals, but are ^ot usually rec- 
ommended for rodcntsTrliese tests include those for liver function (with BSP), 
kfidncy function (with PSP) and thyroid function (with serum iodine, Vb^'Tj! 
and T4).'Thc selection of these tests should be left tor^he^discretii'rt of the 
invcjitigativc teams. ^ 
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All animals including those moribund or dying during the study, as well 
as tho^c at terminal sacrifice- should be carefully necropsied. Selected organs 
should be dozily examined by trained technicians under the supervision of 
compptent animal pathologists. Certain major organs .rmy besweighed as hn 
indiuittion of effects of the compound/^^ ' % ^\ 

The organs and sQpporting structures should ^bmjai^MBI^ f^r^ 
histological prcparatiofl|The large number of tiss^M^H^^ from every 
animaK'of all tca^rouR aj^^d^f^^ usNCi^o cr^^||||[(i5ver whelming 
pathology worl^lMFd, Abr^s'^^/ al \iggcsi that patholog^xaniination o 
J S different tissues i * ' 

As a minimum routir?^ prcxredure' all major tissues and grosg^lcsio 
high-dose and control animirfs should^e examined microscopically^ossly 
altered,tissues from anfmals^n other groups should also be included for mi- 
croscopic examination. Based On the results, inveHtrgili^can decide whether 
to examine the remainmg tissues from the low-c^^Wps. A J 

Interim sacrifices axe V use in the study of pathc]gcnes1s or toxic rea^j^s^' 
They nJy also yidd val&able clues as to the organs that should be m>\e 
thorou|hj> examinpa or to the specific clinical djemistry/organ function tesjls 
that should b<^g|ipdfictcd. Kxtra animals shoKfd be included for this purpose 
to assure diatlKe number of animals av^ilrftle at ttic end of thestudy is sta- 
tisti(;^|Jy sufficient for assessing caryt^)genic effect 




Chronic Toxicity/Carcinogenicity Tests 83 
EVALUATION OF^DATA 

The principles involved in the design and interpretation of chronic toxicity 
studies are coljcerned with the detection of a chemicaPs influence on any 
function that is associated with the development, maturation, and aging of 
the test animal. The quality of the data base will determine the interpretation 
of the results. The principles of good experimentaj toxicological practice must 
be incorporated in the protocol. These are: 

• The incorporation of concurrent negative controls. It is notacceptable 
,to rely on data f rom control animals used in prior studies. The controls should 

be treated identically to the test animal^with the exception of omission of 
the test chemical. ' ' * < 

• A minimum of at least three dose levels should be used. The highest of 
these should approximate the maximal tolerated dose. During the exp^rjmeijt, 
the (doses should be adjusted to take into account changes in the weight of the 
anirnals. Since it i# desirable to estimate a **maximaI-no-observed-effect" 
dose and since extrapolation outside the parameters of the experiment is likely 
to be accompanied by severe inaccuracies, the lowest dose used should bear 
some relation to the anticipated level of exposure to the compound. 

• The chemical involved in the test should be specifically identified in- 
cluding all measurable impurities so that approximately 1 00 percent of the 
compound is. accounted for. In the case of chemically stable forms of test 
Cjompounds/fl is desir.SPblc to conduct the entire chronic test from;^^ single 

^. batch of the test chemical. W * 

Sin4:(^he chronic toxicity test is frequently designed to evaluate the tu- 
morigenfc pqjfjntij^ of the test compound, the investigator should avoid se- 
^^j^.'i' Iccting species that normally have a hi^h incidence of tumors unless this 
condition i|{.of specific value tV the study. The metabolism of the species se- 
lected jjpi" chronic tests should he as similar a;^^ssible to humans for the test 
'jfompoond^^ of organ function test^ at specified intervals during 

^\chi4>nic t5^ is' questionable. Such tests are generally .unable to detect 



ujaiely the^iViimal toxicity in such organs as the liver or kidney^i Extra 
tij^mmL^ lilmTrtd be added to each group. They can be sacrificed for comple 
glp^(LrSd hFstopathological ex^nnrination. This would ensure complete dia 
ffeses rorVitercurrent illness or unanticipated toxicity. Repealed expert o 
scr>i^tSoij38^ifhysical examination oTthe animals, plus periodic body weight 
measurcmenST^re essent^il. All animals (including those that may expircs:;^^^ 
during thestudy) should be thoroughly autopsied. AH grossly observed lesidns,^^' 
together withecxamples^of the associated organs, should be examine8:histo 



logicalj^ttAil artimals that.started the test should be^cfearly accifunted'tor 
Jhc (iWlnep^r^ I' I 
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The most valid results of a chronic toxicity test, are obtained when a 
dosc-response relationship for any form of observed towflto.can be established 
from the data.The positive identification pf^-^^i^^^agent is obtainable 
in some cascsJ^S^unqualified negal«*^Wer'is^cvpr possible, The es- 
tablish men t,^^^^i!j§[J[i no observed effect ispossime only in a statistical 
.sense, I -^^If^Wllpfy^^^ ' ^ v^'u^ ^hat is based on specific probabilities. 
' For ^'^^^^^^S^^^^^ '"^ ^ 5 percent probability^ai the figure is in error is 
acceptablfSffit*OnIy way to decrease the probaMjJty of error is to increa^^ 
the number of aniptJ^s in each test group. The number required to attain this 
very high level of confidence could easily become economically prohibiti\ c. 
Investigator>.^;j^uJd.bc aware of the limitations associated with the various 
statisti(;al proc^Ures that can be used, 

A guarantee/that a given chemical wil) not p/oduce untowai^ effects when 
exposure.is ovj^r virtually a lifetime is unattainable. It is then necessary to 
establish some reasonable level of risk. An acceptable level depends on the 
type of toxicity, the reversibility or irreversibility of its effects, the economic 
/actors associa^ with the compound's use, and most^important on the 
number of subjeds that could be exposed and the patterns of exposure (extent, 
type. etc.). ^^hen toxicity is irreversible and the compound could be available 
to the entire human race, the establishment of an acceptable levcj of,risk 
versus benefit is a complex and difficult task and becomes a matter for a 
collective sociopolitical judgment. 
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• Genetic disease in humans shares with infectious disease the dual charac- 
teristics of transmission from one individual to another and frequent cryptic 
transmission in the carrier st^tc. It differs fundamentally, however, not only 

'in patterns of transmission and underlying disease mechanism, but also in. 
that it cannot be cured and it is cumulative in the event of increased mutation 
rates or decreased;gelection pressures. 

The severit/^erietic disease ranges from the sirbclmical to the lethal. 
As much as ft) percent of clinically recognized human disease appears to 
' • exhibit a strong genetic component.'"^ However, this may be only a fraction 
of the total human genetic disease burden. Studies of lower organisms indicate 
that-the typical deleterious mutation is only mildly debilitating, eveivwh^ ; 

• homozygous. WJiil/s such mutations in humans would escape clinical fletec-*^ 
ti^," they would nevertheless contribute to the avei;agp background of \\\ 
HfeVth' e.g., by increasing susceptibilityJto nongenetkdisMSi?. The total 
Station rate in^igher animals is believed io be on Tti^rde!r of one new 
deleterious mutation per diploid individuals*^ to whicTi moist be add^d those 
mutations persisting from previous generations. .1 

There is no known way of estimating the contribution 6f mutagenic 
chemicals to genetic disease in huflians. However, legitimate ^ern that 
certain chemicals may threaten the integrity of the human genofiRf^and thus 
the health of future generations, isVdicajed both on sound theoretical 
reasoning and on inescapa>le implications derived.froi^ a large body of ex- 
perimental data. / • ..... II 

In addition to^se^lly transmissible germ cell mutations, body cell 
mutations are also ^concern. A striking correlation existsietween^chemacal 
mutagenicity and carcinogenicity, which, taken together with large geo- 
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graphicaNarialions in cancer incidence, strongly indicates thaf environmental 
facts atfe related to the cause of most human cancer.^' In addition, there have 
Jbcen recent hints that other types of human disease (such as arteriosclerosis) 
, are traceable to individual aberrant cells. They may, Iberefpre; have Origi- 
nated by mutation.-'' ! . . '/^^y 

Furidamental aspects of mutagenesis havp been d|2Scriped by^.'^^lcjt 
yCilbRbach and Kilbey,** Auerbach,-'' and Drake and Balf/..'-*^ Gehet^jt'tiiscu^- 
sions of genetic toxicology are also available. There is afsij^a con^- 
puterized bibliographical service that can supply inform^tior^ about many 
specific agents.* . • , 
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test6bjectives 

e primary Qhjective of mutagen testing is to determine whether a chemical 
s t1ie potential to' cause sexually transmissible genetic damage in humans, 
owcver, direct methods for assessing mutagenicity in humans do noj^xist, 
nor should humans ever be deliberately employed as a mutagen test qPPem, 
Animal niodel sys^ms, both mammalian and nonmammalian, togelherv^th 
"mici-oMal systems, have jhcrefoi'e been as approximations t'o hunrljjfi' 
sMSceptibilhy. ' -l^^ / ^ : ' y ; 

The second'Xibjective oT^utagen testing is to estimate quantitativeljJTthe 
hilman response tp chernic^ls; already identified as muta^ps. Many com- 
pound.^, including cheirndfi* already in widespread use and tho^e ^os^p- 
plication is proposed, D^OTCe sub^antitil benefits, Decisions concerning t^eir 
use musLthereforeljeTOlfcd on ri^k/bcnefil comparisons, for which the genetic 
risks musjl^e quantified. 

i / 




DETECTION OF MUTAGENS'. % 

.-■ v ■ , ■ •> ^ r - 

There are no prac^aH proceduresTor aj^ressing the induction of heritable 
mutations in humans. It is therefore ne/cssary to identify the subhuman tejs^ 
systems that, when properly jlesigned aijd ex^l^ted, car> produce statistically 
significant positive results implfcating an agent as a potential mut^lgen in 
humans. • ^ - . 

In the reconfimended tests (listed in TaWe I and described^ below), three 
4magc are recognized: chromosome mutations, point 
bl^A'damage. in general, iin agent that produces a 

. , » ■ ..... 
p InformatiofK'enlcr (f-MK Biotbgy^iJisiofT^Oak Ridge Na- 
'^Qak,Ridp>I;N..nK3n,'^ 
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TABLE I Rccommendj0d Tests for Detecting Mutagens 


Class of Damugc 
Detected 


In Vivo Mammalian 
Tests 


y 

Ancillary Tests 


C h ro in ( ) so in e 
, mutations 


Heritable translocations test 
Cytogenetic tests 

Dominant lethal test 


Drosophila test 
j/// vitro mammalian 
cytogenetic tests 


Point mutations 


Specific locus test 


Drosophila recessive Icthul test 
Salmonella reversion test 
/// vitro mammalian specific 
locus tests* 


Primary DNA 

damage 


Unscheduled DNA synthesis 


In vitro mamrjjalian unsched- 
uled DNA synthesis 

Bacterial repair tests 

Yeast mitotic recombination 
tests 



positive result in any of the (our in vivo mammalian mutational tests should 
be considered as potentially mutagenic in humans unless there are compelling V_ 
reasons to believe the contrary, 

Since detectfon of some mutagens in the only available in vivo mammalian 
point mutation test requires laVge numbers of animals, its applicability is 
limited. An acceptable alternative is a positive result in any two of the three 
ancillary point mutation tests and evidence that the compound or its active 
metabolite reaches the germinal tissue. 

While not sufficient to identify potential mutagenicity in humans, a single 
positive result obtained outside in vivo mammalian mutation tests should be 
regarded as an indication of a need for further investigation. 

Although nonmutagenicity in humans cannot be proved, negative results 
m at least three of the five tests for chromosome mutation and in at least two 
of the four tests for point mutation constitute scientific evidence for a niod- 
erate confidence of nonmutagenicity. 



EVOLUTION OF TEST SYSTEMS AND CRITERIA 

Because mutagen testing is a young science, frequent technological im- 
provements are to be expected. Certain tests, which appeared very promi^ng 
only a few-years ago, have already been superceded. The potential user should 
therefore be aware of the continuing advances in methodology.* 

• Consult the Environmental Mutageneses Branch. National Institute of f:nv;ronmental Health 
Sciences. P, O. Box 12233, Research Triangle Park, NC 27709. 
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OperiiUcjnat.^^^,(^^^ of mutagens in humans.will necessarily under-" 

go parallel changes. Since changes in both mutagen.tcsting procedures and 
operational definitions of human mutagens may occur more rapidly than wiil • 
revisions of this document, t^is chapter should be revised at least biarlnually 
and should, where appropriate, be updated by published supplements.* 

PRINCIPLES OF MUTAGEN TESTING 

• « 

Mutagen tests must fulfill certain requirements if they are ti) provide infor- 
mation suitable for the protection of humans. No single extant test meets each 
of these re4|uirements; therefore, a combination of tests must usually be 
employed, as exemplified above. 

The full spectrum of molecular classes of hiutation must be detectable. 
ThesS include th^toss or gain of entire chromo^iomes; mutations arising from 
chromosome breaks (or equivalent events)* namely deletions, duplications, 
and rearrangements; and point mutations. The last consist of chromosome 
mutations that are small enough to affect only a single.gene, of additions or 
deletions of one or a few base pairs, and of base.pair substitutions. Critepa 
for reliably detecting all types of point mutations are notably lacking in the 
in vivo mammalian test systems. 

Many nonmutagenic chemicals. become mutagenic as a result of metabolic 
processing. -Conversely, some riiutagens may be so efficiently inactivated 
through metabolic action that they become innocuous. Thus, an under- 
standing of the corporeal pharmacology of environmental chemicals is crucial 
to mutagen testing. A suitable capacity for metabolic activation must be in- 
corporated into a:ny test system other than the intact animal. Two methods 
are curren tly available. The firsit involves the direct incorporation of enzy- 
matically competent mammalian tissue extracts into microbial tests (in- 
cluding culturedmammalian cells). The second involves administering the 
agent to an animal and then obtaining animal extracts (such as urine or blood) 
for subsequent analysis in a microbial test. Metabolic activation, systems are 
also under continual development. Improvements are to be expected on a 
regular basis for a number of years. 

The pharmacologicafimportance of such factors as routes of administration 
should not be underestimated. For example, some intestinal organisms con- 
tribute to the mutagenic activation of certain chemicals; therefore, it is im- 
portant that the routes of exposure be appropriate. 

' Finally, test systems must display both sensitivity, detecting as broad a 
spectrum of chemical classes as possible, and accuracy, including repro- 
ducibility. 

♦ To delcrminc whether supplcincnis arc available, consult the Advisory Center on Toxicology, 
Naiional Academy of Sciences, Washington, DC 204 IS, 
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TEST DEPLOYMENT 



The fundamental criteria for defining human mutag^Teity or nonmutage- 
nicity are described above. Additipnal criteria may be required when deciding 
how and when to test chemirajs. These include current and/or j^ticipatcd 
patterns oT use and human exposure, stage; of produpt development, number 
of gubstajiccs to be tested, available testing resources, refaVUnt legislation, 
and rejgulatory status'. The available test systems cati often be considered as 
building blocks to be assembled according to specific needs. 
' Single organi-sms can sometimes be used to detect both poiat and chro- 
mosomal mutations. Where possible, tests should be performed simulta- 
neously on ^jie same population, not only to decrease effort and expense, but, 
more importantly, to build u comparative data base with great, potential 



use. 



If the chemicals to be tested are structurally related to known mutagens, 
the battery of tests selected should include those capable of detecting that 
class of mutagens. , . ' 

' When more chemicals arc to be screened than can be put'through a de- 
finitive battery of tests, a prescreen or tier approach may be used.^-'^ A 
prescrcen can rapidly identify substances that are genetically active and 
shouy therefore either be withdrawn from further development or be Assigned 
;^high priority for definitive testing. Microbial systems are the most suitable 
for screens of this type except for.certairi classes of mutagens sux:h as metals. 
Unscheduled dna synthesis may also be an appropriate prescreen system. 



TEST PROCEDURES 

CHROMOSOME MUTATIONS 

Heritable Translocation Test In contrast to the other in vivo tests for 
chromosomal mutations, the heritable^ranslocation test measures heritable 
damage. In this procedure parental males are treated and their male progeny 
collected. The progeny are matted to determine serfiisterility and sterility, 
Semistcrile or sterile animals are analyzed cytogenetically to confirm the 
apparent translocation heterozygosity, A disadvantage is the requirement 
for a relatively large number of animals to diagnose efficiently any significant 
differences between treated and control papulations. Generoso et alV arid 
Leonard^^ discuss the technique and its utility for routine screening of 
chemical mutagens. 

In Vivo Cytogenetics Tests The recognition that mutagenicity should be 
investigated in treated animals to assess human hazard has led to thedcvel- 
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opmem of various mammalian tests. Some of the most useful employ both 
somatic and germinal cells in the rat or mouse. The bone marrow has been^ 
-the tissue of choice for somatic cells, and the testes for germinal cells. There 
diversity of opinion as to the significance of chromosome breaks and gaps 
(see section below on in vitro cytogenetic tests)'. Cohen and Hirschhorn'* 
provide a" good overview of procedures- for cytogenetic studies in animals. 
Legator V/. a/. 2^ discuss a statistical approach to evaluating results utilizing 
somatic cells. , ' 
Human •lymphocytes can be examined after exposure to a substance 
through normal use or accident. These cells can be cultured, induced to divide, 
and examined for chrdmosomal abnormalities. Lubs and Samuelson^^ de- 
scribed the variability associated with this procedure. Additionally, one should 
discount gaps as heritable mutagenic ev,6nts per se, although they may be 
totalled to provide an overall picture of the effects produced by a mutagenic^ 
substance. . . , 

Dominant Lethal Test The dominant lethal test in mice and rats has been 
the most widely u%cd mutagenicity procedure employing intact animals. 
Objections to this assay arc its relative insensitivity to certain known mutagens 
and the nonlieritable nature of Ihe end point. The most reliable indicator of. 
dominant IcthaH-ty is a statistically significant increase in the nQmber of early 
cn>bryonic deaths (dead implantations) when females are mated to muta- 
gen-treated males. In certain instances, the genetic factors causing dominant 
lethality are chromosomal aberrations and translocations produced in sperm, 
which preclude development of a fertilized egg much beyond the implantation 
stage. There is a high correlation between sujbslances producing dominant 
lethality and those producing translocation heterozygosity. Green and 
■ Springer^^^£ji^>cuss some pharmacological factors that should be considered 
^ when performing the dominant lethal test. Green et a/.'^ propose a more 
refined app^roach to dominant lethal testing. 

Drosophila "^st ' Drosophila melanogaster can bcused todetect both nu- 
merical and structural chromosomal mutations. Some of the advantages of 
using Drosophila for this purpose are ease of rearing large numbers, short ' 
generation time, and well characterized genomes. Also, Drosophila can 
metabolically activate promutagens in a manner similar to^animals.**' 

The three major methods for detecting chromosomal mutations in Dro- 
sophila are the dominant lethal, heritable translocation, and X-Y chromo- 
some loss tests. There is a decided disadvantage, however, in performing the 
dominant IcThal a.ssay in Drosophila. Since the unhatched egg is the observed 
end point, it is not usually feasible to .distinguish between effects produced 
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, by sperm toxicity or sperm inactjvation and those produced by mutant sperm. 
The X-Y chromosome Joss and heritable translocation tests arc more relevant 
because they detect heritable genetic damage, the main objective of muta- 
genicity testing. Abrahamson and Lewis' provide an excellent description 
of these Drosophila tests, 

In Vitro Mammalian Cytogenetic Tests Numerous types of cultured 
mammalian cells have been employed to investigate chemical induction of 
cytogenetic abnormalities such as gaps, breaks, deletions, and- rearrange- 
ments. Human lymphocytes can be withdrawn from "unexposed" individuals, 
induced to grow, subsequentl\exrjosed to chemical mutagens, and observed 
for chromosomal abnormalities J^^hen employing establishedjnammalian 
cell lines, it should be remembereH^that specific methods vary among cell lines. 
Also, it has befcn reported that P-y.50-mediated drug metabolizing enzyme 
systems in established cell lines differ from t'hat of the liver in/he intact an- 
imal. Since recent revicws;in this area are unavailable, a practicing cyto- 
geneticist should be cons^ulted. For a general description of methodology, see 
Dolinipio et ^/.J' Green et al.,^"^ and Moorhcad et al.-^ 

There has been some controversy regarding the heritability of chromosomal 
breaks and gaps, particularly whether such effects reliably raveal genetic 
damage. Since they are generally not transmitted to daughter cells, these 
effects are considered to be less relevant than are rearrangements. Advocates 
of in vitro cytogenetics state that rearrangements tTuHr-are not observed in 
combination with breaks and gaps are usually attributable to faulty tech- 
niques, insufficient exposure times, or inadoquate sample sizes. The technique 
is doubtlessly useful as a screen for potential mutagens, although it cannot 
yield definitive information regarding heritability of the observed aberrations. 
The relationships between gene and chromosomal mutations in the same cell 
line have been insufficiently investigated. The development of information 
of this type could establish the quantitative and qualitative relationships 
among these effects and could lead eventually to a better risk assessment, 

PC^T MUTATIONS 

Specific Locus Test The j^ipecific locus test in mice, as developed by Rus- 
sell,^- detects specific gene mutations induced in the germ c*ells of mice ex- 
^scd to a mutagen. Male mice of ;^ wild-type strain are treated with the test 
compound, then mated to fcniales that are homozygous for a number of re- 
cessive genes, causing visible changes in phenotypes. Norp^al offspring are 
wild type; mutants arc phcnotypically different and easily identified. The 
primary disadvantage when evaluating chemical mutagens is the requirement 
for a large number of anirgals per dose level and the length of performance 
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time compared to other procedures. However, if mutants are obtained, their 
.'genotypes can be confirmed through breeding studies; In this respect, the 
specific loci/s test is similar tothe heritable translocation test, which uses a 
eombifiation of animal breeding and cytogenetic analysis to confirm the 
presumptive genetic end point. Of concern is that the specific type of muta- 
genic event induced cannot be well determined. Small deletions cannot be 
distinguished from point mutations, even through breeding tests. This, in turn, 
reduces ojofidence that true point mutations are detected. Thus, the 
rnouse-specl|le locus test would only be used followjng extensive preliminary 
studies with a series of other assays. Its primary function would be tl\e esti- 
mation of germ cell risk related to exposure of a mammal to a mutagenic 
.^Hbstanee, The procedures for measuring specific locus mutiitions in mice 
have been discussed by Cattenaeh.^ 

Drosophila Recessive Lethal Test Drosophila melanogaster, extensively 
used in genetic studies, appears well suited.to the evaluation of chemicals for 
mutagenic activity. The X-linked recessive lethal test is one of the most re^' 
'liable. It !s capable of measuring mutagenic effects only a few times the 
spontaneous background. A large number of genes are screened in this assay, 
which contributes to its sensitivity and reproducibility. The test is relatively 
rapid (involving only two generations), and mutation induction is easily de- 
tected as a lack of certain male progeny in the second generation, Specific 
> procedures for evaluating chemicals with Drosophila, including the X-linked 
recessive lethal test, have been described by Abrahamson and LewiV' 

Salmonella Reversion Test A reverse mutation system, using auxotrophic 
mutants o( Salmonella typhimurium blocked at various steps in histidine 
{his) biosynthesis, appears to have great utility in screening for chemicals 
with mutagenic potential. The mutant strains revert to prototrophy by single 
base pair substitutions (e.g., strain TA-1 535) or by base pair insertions and 
deletions (e.g., strains TA- 1 537 and TA-1538). The original set of tester 
strains has undergone several modifications, which, in general, increase their 
sensitivity to mutagens, The modifications are deletion of the excision repair 
system, mutation that promotes the penetration of chemicals into the cells, 
and incorporation of mutability-promoting R-factors into TA-1538 and 
TA-1535, resulting in strains TA-98 and TA-100, respectively. These two 
new strains are effective in detecting at least some mutagens not detected with 
the three original strains. 

For general mutagen screening, the test substance and cells from a specific 
tester strain are incorporated into a soft overlay agar and plated on a selective, 
boltom-agar base. The assay can screen for the production of mutagenic 
■ metabolites by incorporating a microsoaic activation system into the overlay 
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just prior to^l^ating on the selective agar base. Discnssion of irhritro activation 
systems is included in the general prcfcedures given by Ames et ai- Although 
most substances can be tested using this procedure, the bacterial assay is^ery 
flexible. It can be used to evaluate many types of substances, including liquids, 
solids, gases, and also highly toxic substances. The test is rapid, economical, 
and sensitive, permitting large numbers of chemicals 'to be screened. The 
avail#ility of a large data base for this procedure, '^^ -^Voatai/iing results from 
tests on many classes of chemicals, is extremely valuable, when evaluatitig" 
previously untested substances. ' - ' 

*# 

In Vitro Mammalian Specific Locus Tests -Several mammalian ceM lines, 
with karyotypic stability, high plating efficiency^nd short generation times 
have been employed to detect the induction^^cific locus mutation. "^-'^■^'^ 
These assays offer the advantage over microp^#d insect mutation systems 
that^the target cells are mammalian. Two of the most frequently used selective 
systems involve salvage pathways for purines (mutants defective in hypo- 
xanthine-guanine phosphoribosyl transferase [hgprt]) and pyrimidinc 
(mutants defective in thymidine kinase [tk]). 

The most extensively validated assay employing cultured mammalian cells " 
appears to be the mou^e lymphoma line L5 1 78Y (TK+/-). This line is het- 
erozygous at theTK locus and will detect forward mutation from TK+/'- to 
TK-/- (thymidine-kinase-deficient pells). An advantage of the L5178Y test 
IS that itjs a forward mutation assay and lacks the potential f)roblems of 
chemical specificity inherent in all reverse mutation systems. The TK-/- 
mutant cells are identifiJfci by cloiwng treated populations of TK+/- cells in 
soft-cloning agar, which contains the thymidine analog 5-bromodeoxyuridine 
( BUdR). This pyrimidine is toxic to cells havi'ng a functional tf^midine kinase 
(TK+/^), but not to thymidinc-kinase-defective TK-/- cells. The result 
IS that TK-/- cells form clones in the BUdR-supplementcd cloning medium. 
Although the methodology and preliminary validation of this assay have been 
completed, the test cannot be considered a routine procedure as can the 
Salmonella or Drosophila tests. In vitro m^Tosomal activation systems c^n 
be included with this test to enhance its utility. Detailed proceduresTor this 
assay have been described by Clive and Spector.'^\ 



PRIMARY DNA DAMACIK 



DNA repair tests do not measure mutation perse, but rather damage to dn.a 
induced by chemical treatment of the indicator cells. iClicrobial test systems 
measure this type of damage as cell killing. Both in l iro and //M /Vro mam- 
malian test systems measure the damage to DNA, eithcr.directly or indirectly 
as it is being repaired. ' . . ' 



Mutagenicity Tests . '•^S 

In^ Vivo Unscheduled DNA Synthesis Unscheduled DNa synthesis has 
recently been detected ingenjT'ceits of exposed mice. In this assay, the animals 
are exposed to the mutagen and ^H-thymidine. Measurement of padioactive 
uptake in meiotic and pos'tmeiotic gVm co/fls indicates mulagen-DNA inter- 

*'action/A complete discussion of ihe rationale and methodology for this 

^ procedure has been published by Sega.^"* 

:'lft^Jiro Mammalian Unscheduled DJSA Synthesis An assay employing ' 
huitlan diploid wi-38 cells measures unscheduled DNA synthesis (UDS). 
FolloWiitg growth in normal medium, the Wl-38 cells are blocked in the G ' 
s. pjl^se of the cell cycle by a combination of amino acid depletion and hy- 
ofoxyurea If-eatment. The blocked cells are then exposed to the test substance' 
and ^H-thymidine. After treatment, the amount of^^H-thymidine that is in- 
cbrpofated into the nohreplicating DNA is measured bj^aijiOradiography or 
by extraction and scijitillation counting of the DNA. The amount of UpS is. 
assumed to be directly related to the extent of'damaged DNA produced^y 
V chemical treatment. Procedures for this type of as^say have been described 
- by Stich et alV Although DNA repair is a nonmutagenic end point, there 
appears to be 5 good correlation between the ability of a chemical to induce 
both-effects.^^ » 

Bacterial Repair Test A microbial test system employing bacterial indicator 
cells has been used extensively. The strains usually employed are coli 
W3I10 (polAji-) and P3478 {polA-). The latter is deficient in DNA poly- 
merase and unable to cprry out excision repair of damaged DNA.^^ The repair 
test consists of exposing polA^- andpoM— cells to a given concentration of 
the test material, , then measuring the cells that are killed as a result of the 
' exposyre. If the substances damage DNA, the polA— strain will exhibit en- 
Jianced sensitivity to the material compared to the polA'^ strain. If there is 
no cell killing or tfie damage is not related to dna, sensitivity to the substance 
will be similar for both bacterial strains. The assay can^be conducted as a plate 
or a suspension test.^^ 

Yeast Mitotic Recombination 'Eests Mitotic crossing over (MCO) and 
mitotic genedMiyersion (mgc) can easily be detected in appropriately con- 
stuicted diploio^strains of the V®^st Saccharomy^s cerevisifie. Many 
chemicals have been screened for genetic activity in strains D3 (mco), D5 
(MCO),and D4(mgc) of yeast."*^ ^ 

MCO is detected by the production of homozygosityrin diploid str. that 
are heterozygous at one or more loci. The mco events in D3 and D5 art ^ 
' identified by the accumulation of a red or pink pigment that is produced when 
certain )ade'2 alleles become homozygous.^ MGC is detected by the ability 
of cells to form colonies on unsupplemented selective medium.'*^ 
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Although ncitlicr Mc'O gr Mc;c represent mutagenie end points, ehemieals 
that arC^r.ulagertfe in yeast also produee some type of mitotic recombination, 
often at concentrations lower than those required to produce mutagenic ef- 
fects. , 

Methods f6r the adaptation ofiin vitro microsome iTctiv«tion systems to 
yeast assays^have been reported b^ Brusick and Andrews.^ ^ ' . 
. The yeast strain's,P ^ and Ds offer certain features not found in Other 
microbial assays: They qre diploid' eukaryotic strains; they detect genetic 
damage ofm nature not identified in bacteria assays but which may be relevant 
to diploid cells proliferating in an environment containing genetically active 
chemicals; and they appear-toYespbnd to both mutagenic (bas^ substitution 1 
and frameshift classes)' and clastogenic chromosorrie breaking agents. De- 
tailed procedures for the use of these yeast strain.s' have been provided by 
Zimmermann.**"* 
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7; Reproduction and 
Teratogenicity Tests 



.The objective of teratogenicity testing is the identification of agents acting 
' during embryonic development to produce or alter the incidence of congenital 
malformations and during thdTetaJ period to produce functional changes in 
the offspring. Teratogenicity from chemical agents and physical forces is ^ 
very real hazard to hiimans. No single animal test will provide assurances 
of safety. Because of the many factors involved in chemicgiWnduced terato- 
genesis, extrapolation of the dose-rcspon^c relationship from animals to hu- 
mfans is difficult and arbitrary. Chemical-induced teratogenesis is dose-re- 
lati^^jut-^^yond that, little is really understood concerning the minimal dose 
of most chemicals that can produce teratogcnesis in humans or the extent of 
the variability in human responses. At present, if any chemical is teratogenic 
in any animal species at a dosage below apparent maternal toxicity, then the 
possible hazard of teratogenicity in humans must be fully considered before 
the chemical is released for public use. Thus, teratogenicity testing in animals 
can only be regarded as an indication of probability thSt the test substance 
will or will not iact similarly in humans. Animal testing may also enable 
identification of teratogens>Avhich are unlikely to be identified by available 
epidemiological techniques. ^ 

Tests to evaluate relevant developmental changes in morphol(?gy and 
functions during perinatal development ate desirable. Proced tires, for rec- 
ognition of functional deviations in a fetus or neonate are available and ref- 
erenced, but are'not recommended for routine testing unless there is a reason 
to suspect functional impairment. Teratogenic assessment is presently limited 
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to external, gross^ visceral, and skeletal examinations,, Microscopic exami- 
nation of viscera can make the screening procedures rnore effective. 

Overall reproductive efficiency can be evaluated through multigeneration 
studies, A multigeneration reproduction study provic^es information on fer- 
tility and pregnancy in parent and subsequent generations. The effects of a 
potentially toxic substance could be determined by/the reproductive perfor- 
mango through successive generations. 

To design suitable protocols for evaluating a substance's potential effects 
■on reproduction, one should consider the various aspects of teratogenicity 
screening. Screening methods should be improved whenever possible. New 
methods should be soundly based on new or unapplied interdisciplinary 
knowledge, . 

The protocols described in this chapter are examples. Testing protocols 
should be indiv-iduali/ed, based on physical, chemical, and pharmacological 
properties of the substance to be tested. 

RODTHSOl HXPOSDRJ- 

Exposure could occur by inhalation, contact with skin or mucosa, and/or 
ingestion. The major route of entry during normal use should be investigated. 
If two or m^re routes are equally significant, a^combination of routes simu- 
lating human cjcposure conditions should be tested. Departure from this 
concept occurs only whefrSechnical or other reasons make it nonfeasiblc. 

Because inhalation is thcr princip^rl route for aerosols and vapor?s, terato- 
genicity testing should be conducted in inhalation chambers! Operation of 
the chambers, generation and characterization of aerosols and vapors, 
monitoring of chamber concentrations of test agents, sampling for homoge- 
neous and reproducible distribution of the test materials, regulation of air 
flow rates, etc., have been described in Chapter 4. F or teratogenicity studies, 
the exp^)sure pericxi is 6 h/day and extends throughout organogenesis. Control 
, animals are maintained under similar experimental conditions. During ex- 
posure, the animals are normally unrestrained and individually caged. Position 
of cages are periodically rotated to equalize any difference in exposure, 
temperature, and humidity. 

When the percutaneous route is chosen, the test agent is applied daily on 
shaved areas between the shoulders and along the back (23 cm-/rat; 200 
cm'/rabbit). The dosages are expressed as milligrams per kilogram of body 
weight per day. Application.s are made evenly over the shaved area by a 
method designed to deliver precise dosages. When solubility is a limiting 
^factor, the total area for topical application may be varied, or else several 
applications at the same site may be useful to obtain the desired dose levels, 
Whether the treated skin is rinsed at a particular time after application or 
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^efi unrinsed between daily applications will depend on the mode of human 
lisage of the test material. Ingestion from licking is prevented by covering 
/l^e treated skin with a plastic guard or, if needed, by using restraining de- 
vices, "> During the period of cutaneous applieations/the ^kin is carefully^ 
ej^m,ined every day, and hhir growth is controlled by repeated clippings. 

"^f exposure to a given substance is via th^ digestive tract, it s^hould be dosed 
orally. The test substance may be administered by intragastric or intraeso- 
phageal intubation or by mixing in the diet or drinking water. These three 
methods might produce slightly different fetal or maternal responses. Se- 
lection, therefore, will be based on the best simulation of the human ekposufe 
route^ Daily food and water consumption records will be required so that 
dosage can be calculated and paiatability of the mixture of test material and 
food or water can be assured. The dosages will be expressed as milligrams 
per kilogram of body weight per da> 
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A substance might produce different effects than those produced by its in- 
dividual chemical components. When possible, products are tested without 
changing their ingredients. If a vehicle is administered with the test substance, 
the control animals are given an equivalent amount of the vehicle. The vehicles 
used are nontoxic and should not appreciably change the bioavailability and 
pharmacokinetics of the test agent or alter the physiology and visceral his- 
tology of the test animals. If the test substance is administered without a- 
vehicle added, controls will be sham-treated. 

At least three dose levels should be selected in a geometric progression. 
The highest test dose should be the maximum tolerated dose tha< generally 
produces about 1 percent lethality. The lowest dose should produce no sig- 
nificant fetal effects. The middle dose is useful for evaluating dose-effect 
relationship of the observed effects. To estimate accurately the three dosages, 
a preliminary study at several dosage levels durmg organogenesis is highly 
desirable, It may also alert the investigator to the type of effects that might 
be expected. 

At least two species should be used. Although mouse, rat, and rabbit have 
been selected most frequently, testing is not restricted to these species (see 
Table 1). f 

F'etal development is intlucnCed by maternal environments (nutrition, 
housing, temperature, light, humidity, and overcrowding), genotype of the 
mother and the fetus, and interaction of these factors, [{very effort should 
be made to keep environmental factors under controlled conditions.'^ '^^ '^ 

^ X 0 
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9 TABLE 1 Reproduttfe Events of Manimals, in days ' 

_ _ _ ■ - - 



Species 


Sexual Watiltity'' 


Estrus Cycle 
Recurrence' 


Implantation 


Primitive 
Streak 


Duration of 
* Organogenesis ■ 


Length of 
Gestation 


Hamster ■ 


42,0-54.0 


4,0 


4,5-5,0 


6,0 


],0-l4,0 


16,0-11.0 ■ 


Mouse 


28,0 


4,0-5,0 


4,5.5,0 


].0 


],5.16.0 


20.0-21.0 


Rat 


46,0-53,0 


4,0-5,0 


5.5-6,0 


8.5 


9,0-l?,0 


21.0-22.0 


Rabbit 


120,0-240,0 


no est, cycle 


7,0 


6.5 


],0-20,0 


31,0-32.0 
65,0-68.0 


Guinea pig 

pij 


84,0 


13,0-20,0 


6.0 


10.0 


»ll,O-25.0 


200,0-210.0 


19,0-23,0 


10,0-12,0 


11.0 


12,0-34,0 


110.0-116.0 


Sheep 


150.0-300.0 


16.5 


10.0 


13.0. 


14.0-35,0 


142.(^150,0 ' 


Cat . 
Dog 


210.0-245.0 


14.0 


'13,0-14.0 


13.0 


14.0-26.0 


58,0-71.0 


2?0.0425,0 


182,5 


13.0-14.0 


13.0 


14.0-30.0 


57.0-66'.0 


Rhesus monkey 


1,642.0 


24,0-38.0 


9,0 


18.0 


mm 


164.0-168.0 


"Compiled from Boyer.^ Christie,'' Gruneberg,^ Nicholas,'^ 


UFAW,'^Witschi,"ani 


d others. Day 0 


n which evidence of mating is observed is 



defined as dpy Oof gestation. 

^Ranges depend on species, nutrition, and other factors, 
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FETAL EVALUATION 

To distinguish between a minor variation and a malformation is difficult. The 
ratqof spontaneous malformations and range in each strain must be det.er- 
mined in- each laboratory using the same study procedure as in^the testing 
situation. This is best done, not only by the routine study of control animals 
in each test, but also by keeping cumulative records of variations observed 
in 4.11 untreated and treated control animals studied by comparably methods. 
After treatment with a test agent, not only defects that are traciitionally 
recognized as malformations (cleft palate, renal agenesis, club foot, etc.), 
but also any exceptional, less frequent variations, ^f the percentage exceeds 
the range observed in control animals, should usually be regarded as induced 
malformations. 

There is no universally acceptable definition for major or i^inor malfor- 
mations. Not all malformations can be extrapolated from laboratory animal 
studies to humans. Malformations should be ranked according to the degree 
of deviation from normal and relative significance. 

Because developmental derangements may affect biochemistry or functions , 
such as behavior, offspring from the multigeneration study should be observed 
until sexual maturity fdr clinical signs and malfunctions. Experience with 
such animals is insufficient to warrant recommendations for biochemical or 
functional tests. However, a review of tests for studying variables in postnatal 
behavioral development has been published. It can be used as a guide for 
postnatal function testing.'' 



TERATOLOGY 
TESTPROCKDURt: 

This procedure is designed to determine the effects of substances on embry- 
onic and fetal viability and development. The substances are administered 
to gravid females upon implantation, then continued through orfanogenesis. 
Species with their periods of organogenesis are listed in Table I . 

's 

MATERIAL AND METHODS 

Virgin females may be mated naturally by placing them with males. Vaginal 
smears are taken an^ females are considered to have mated if spermatozoa 
and/or a vaginat plug is observed. Day on which evidence of mating is ob- 
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served is defined as day 0 of gestation. Estrous synchronization and artificial 
insemination may be used.';'^ ''^ Each experiment consists of three treated 
groups and one control group. Positive control group^i will be used as necessary 
to demonstrate a teratogenic response in the test species. The highest dosage 
level is the maximum tolerated dosage: The two lower dosages are determined 
by geo'^metric progression. Twenty mated females are assigned to each group; 
assignments to groups are ma^e in such a way as to most nearly equalize the 
day 0 mean group body weights. ' ^ 

'EVALUATION ^ 

Maternal Body weights are measured daily duijing the treatment ppriod 
and on the day prior to expected delivery. Observation f6r clinical signs are 
made daily. Dams showing signs of abortion or [fremafure delivery will be 
sacrificed qn the day such evidence is observed. (Reproductive systems and 
fetuses will be examined for pos*iil)lc abnormalfiips. These animals will not 
be included in .the final tabulation of d'^a. but will be analyzed separately. 
Gross necropsy is performed on all animals. inctUding those that die spon- 
taneously or moribund animals that are killed. /V'll dams survivjng until the 
day prior to normal dqliver^i^are'sacrjficed. A thdroagh postmortem' exami- 
nation is performed, with particular attention p'aid to the site of adminis- 
tration. If gross changes are observed, histological examination may be 
conducted. . ^ ^/ ^. , ' 7 

In these postmortem^examinations; several observations should be made 
and recorded. While ex»oiinin-g the uterus, obst^rve and record the number 
of Ifve fetuseji. fetus dying late in gestation (resorbing fetijs), and deciduomata 
(early resorption). In the ovaries, note the rtumber of corpora lutea per ovary. 
All fetusei^are tagged individually for identification and then weighed. All 
fetuses sho[jld be examined e^^terjitilly for defects. P^^xternal sex determination 
is made when possible 

Rodents After alcohol fixation, gross dissection and examination of viscera 
are performed on apppoximately 50 percent of the fetuses of each sex from 
each litter. Skeletons are examined for anomalies and ossification variations 
after alizarin-red-staining^ or other suitable techniques. The remaining fetuses 
are preserved in Bouin's fluid and exammed undef^a dissecting micro.scope 
for neural and visceral defects "by serial sectioning^ or gross dissection. -^ '-^ 

-Nonrodents All fetuses are sacrificed. Their sex is determined and internal 
abnormalities are examined by gross dissection. Skeletal development is 
evaluated by ali/afin-red-staining or by other suitable techniques. 

The dead fetuses a^e weighed and developmental abnormalities are eval- 
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uated if autolysis has not advanced. These data are evaluated separately from 
that of live fetuses. 

REPORT 

Data should be compiled in tables presenting maternal mortality, maternal 
body weights, corpora lutea, total implants, deciduoma, fetuses dying late 
in gestation, live fetuses (number of male and female), fetal weight, and in- 
cidence and description of malformation: 

number pregnant » 

Pregnancy rale = X 100; 

numbcj:^inseminated 

. number total implants 

Implantation cHicicncy = -. X 100; and 

number corpora lutea 

number live fetuses 

I ctal viability' = — ' % X 100. 

number total implants 



STATISTICAL EVALUATION OF DATA 

Control and test groups are compared statistically. Anomalies may be com- 
pared by chi-square methods'** or the binomial expansion method. Maternal 
body weight gains and weight of fetuses may be compared to control by F-test 
and student's /-test.'-*' When variances differ significantly from control,, 
student's /-test may be appropriately modified (/'), and Cochran s approxi- 
mation may be used. Fetal survival and incidence of abnormalities per litter 
may be cpmpared by a nonparametrjc, rank-order method.'** Other statistical 
methods may be substituted where appropriate. 



i 



REPRODUCTION 
TESTPROCEDIJRF 

The objective of this experiment is to determine the effect on general repro- 
ductive performance of treatment commencing at implantation and con- 
tinuing through the weaning of Fsb litters. The preceding teratological study 
may be included as part of this study. 

This experiment is represented schematically in figure 1. This protocol 
offers the advantages of predifferentiation exposure of the F| parental animals 
without the additional time and costs incurred in a classical two-gejieration 
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Fq Generation 



Mate ■ 



Discard 

Fp parental animals 
and excess F^g weanlings 



Discard 



.^Fja'weanlings 



Pathology on F^ - 
parental generation 



Initiate treatment by day of implantation 

Treatment continues until the F^g 
litters are weaned- 



F^ Generation 

Continue treatment until 
sexually mature; mate to 
produce litters 



Mate to produce Fj^ litters 



Pathology on F2b 

weanlings ' " 

FIGURE 1 Schematic diagram of experiment to determine the effect on general reproductive 
performance of treatment commencing at implantation and continuing through the weaning 
,of Fjb litters. 



Study. If required, pups may be selected from the F2b litters to produce an 
generation. 



MATERIALS AND METHODS 

The experiments consist of three treatment groups and a control group. Each 
group consists of 20 sexually mature virgin females mated to a minimum of 
10 sexually mature males. The highest dosage is the maximum tolerated 
dosage. The two lower dose levcl^are selected by geometric progression. Test 
makrials are administered orally by gavage, mixed in food, or in drinking 
water (see Chapter 5). Treatment of Fq parental^nimals may be initiated . 
either oa the day of implantation or at the time of^airing.' At weaning of the 
F|a litters, at least 10 males and 20 females are randomly selected fronTeach * 
group to become the F, parental generation. Selection of both males and 
females from the same litter should be avoided. 
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EVALUATION » 

Body weights and weight gains should be recorded as follows: 



Fo parental females; days 1, 4, 12, 21, and 28 following parturition. 
Fi parental males: weeklyjrom selection until paired for mating. 
Pi parental females: weekly from selection until paired for mating and 
on days 1,4, 12, 21, and 28 following parturition of both F2a and F2b lit- 
ters. 

• Fia^ F2a» F2b litters! as litters on days 1 , 4, and 1 2 postparturition and 
individually at weaning on day 21 . ( , * 

MATING PROCEDURES AND RECORDS 

When the Fj parental animals reach sexuaj maturity (Table 1 ), each male 
is randomly mated with two females from the same group. Successful mating 
is determined by the presence of a copulation plug or blood in the vagina. If 
a female does not exhibit additional evidence of copulation at the end of a 
subsequent estrous cycle, she is relftrned to her original cage. At the end of 
two estrous cycles, all males within the same group are rotated and exposed 
to different females in the same group. No more than three males should be 
paired with any female during a given breeding cycle. The number of observed 
copulations, the number of estrous cycles required to obtain a mating, and 
the number of resulting pregnancies should be recorded. These data are used 
to calculate mating and fertility indices. The Fia litters are weaned at 21 days 
postpartum, then sacrificed. After an approximately 15-day rest period, the 
females are mated again. The above procedure is repeated to obtain the Fib 
litters, • 

The following indices should be calculated: 

number of copulations* 

Mating index = — — r X 100 

number of estrus cycles required 

number of pregnancies 

fecundity index = X 100 

number of copulations 

number of males imprqgnating females 

-Male fertility index - ; ^-4^- -XlOO 

number of males expo^d to fertile nonpregnant females 



Female fertility index 



number of females c 



oiW^iving 

xposed to fertil 



number of females exposed to fertile males 



number of parturitions 

Ihcidence of parturition = ^ — - X 1 00 

number of pregnancies ^ 

♦ Only one copulation counted per estrus cycle. The rat estrus cycle is 5 days. 
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PROGENY PROCHDURES AND RECORDS 

All pups (F, a, F2a, and F^b) arc examined for physical abnormalities at birth. 
'Ojc numbers of viable, stillborn, and cannibalized members' of each litter 
are recorded. Observations for clinical signs are made daily. The numbers 
of survivors on days 1,4, 12, and 21 postparturition are recorded. On the 
fourth day of lactation, litters with more tharf 1 0 pups may be reduced to that 
number by sacrificing randomly selected individuals. A final examination 
for physical abnormalities is made. I ndividual body weights are recorded at 
weaning on lactation day 2 1 , The following survival indices will be calcu- 
lated: ^ 



, . t . , . . number of viable pups born 

I ive birth index =' ~ __L^ x i()0 

ini.H number of pups born 

T., , . number of pups viable at LiLtLition t>iiv I 

24-h survivLtl index = — — — — X 100 

number of viable pups born 

, , , . , number ot pups*^viable at lactation d'jy 4 
4 -day survival index = L_r_ — _ — ^ 

number of viable pups born 

, T , , , number of pups viable at lactation day 1 2 

1 J-tlay survival inde.x = — t ~^ ^ x 1 00 

number of'pups rtitained at lactation day 4 

. , number of pups viable at lactation day 2 1 
21 -day survival inde.x = — — L . ^ x 100 

number of pups retained at lactation day 4 



(iROSS I XAMINATIONS ANf) ni.STOP/\TMOl 0(JV 

After the second litter has been weaned (following approximately 33 wk of 
testing for the rat), 10 male and 10 female Ft parental animals from each 
group are sacrificed and gross pathological observations are made. Abdominal 
organs, endocrine^lands and gonads, and any other organs that appear ab- 
normal are weighed; organ-to-brain and organ-to-bod^cight ratios are 
calculated. A complete set of tissues, including central and peripheral nervous 
tissue, thoracic and abdominal viscera, and mammary glands, is removed and 
fixed. Tissues from 5 males and 5 females from both the control and the 
high-test group are microscopically examined. If histological changes are 
noted, the target organs of the next-lower-dosage-group animals are also 
examined. Throughout gross and microscopic examination, particular at- 
tention should be paid to the reproductive organs, 

Postmortem animals are examined in the same manner, but organ weights 
are not recorded. 

A gross internal examination is made of any pup, Fi;„ F^a- or F:^, appearing 
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abnormal. In addition, 10 male and 10 female pups, randomly selected from 
the F2b litters of each test group and the control group, are sacrificed at 
weaning and subjected to a complete gross examination. Tissues are obtained 
and preserved as for the F| parental animals. Histopathological examinations 
are conducted upon the weanlings of the control and highest-dosage group. 
If abnormalities are noted, the target organs of the next-lower-dosage-group 
animals are also examined. 



REPORT 

Data are compiled into tables presenting parental body weight, parental organ 
weight, food consumption (test compound intake), parental mortality, du- 
ration of gestation, reproductive data and indices, survival data and indices, 
progeny body weight, male/female ratio, and histopathological findings. 



STATISTICAL EVALUATION DATA 

Control and test groups are coihp7(fcd by statistical methods. Anomalies may 
be compared by either the chi-square metfibd'^ or the binomial expansion 
method. Parental body weight gains and weight of progeny may be compared 
by F-test and student's /-test.^^ When variances differ appreciably from 
control, student's /-test may be appropriately modified and Cochran's 
approximation may be Used. Survival indices and reproductive indices may 
be compared by a nonparamctric rank order method.'^ Other statistical 
methods may be substituted where appropriate. 
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Behavioral 

Toxicity 

Tests 



The niany diffcl-cnt animal and human behaviors vary widely in their sus- 
ceptibility to toxic influences. But because the field of **behavioral toxjcology'' 
is So young, there has not yet been sufficient systematic experimentaitioti to 
determine which behaviors are most sensitive to specific toxic agents. To 
determine that a chemical is free of behavioral effects at any given level of 
exposure, a great deal of experimentation with many different kinds of be- 
havior is necessary. The fact that one behavioral test shows no effect of a 
potentially toxic agent doe* not guarantee that other behaviors will not be 
affected. 

•When dealing with a chemical su<»pccted of producing behavioral toxicity, 
one can st^rt from two posiiible positions. In one, although acute and chronic 
toxicity studies have indicated that a potentially toxic agent is safe in many 
respects at norma l*^xpa<;ure levels, an assessment of possible behavioral effects 
is also desirable. Perhaps, for example, the chemical structure of the com- 
^pound resembles that of an agent knowa to have bc^havioral effects. The 
question then is: What procedures areappropriatc for detecting behavioral 
effects of chemica*ls when traditional toxicit/testing has given no hint that 
such effects exist? It seems sensible to turn to rather broad-scale measures 
that are known to be sensitive to a wide variety of chemicals. Two^uch pro- 
cedures are reconimended. One is concerned mainly with acti^vity patterns 
and the other with\operant behavior, (These may also be indicated if a be- 
havioral assessment is to take place concurrently with chronic toxicity tests,) 
In the second siti/ation, signs of behavioral toxicity appear duri,ng othpr 

1,1 1 ■ ■ 
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toxicological work. l*or example, a slight ataxia may be seen in animals being 
tested for the carcihogenic poteiyial of an agent or some signs of defective 
vision or hearing may»be observed. Quantitative confirmation or refutation 
for a particular finding can be provided by .procedures that specifically 
measure the function in question. 

Screening for l>chavioral toxicity does not differ in principle from screening 
for other types of toxicity. Methods should be sensitive, quantitative, and 
reproducible Other things being equal, a method that is easy to use and in- 
exf^ensive is pi^e^fcrred lo one that is complex and expensive, especially when 
they-e is pressSjA: to test numerous and varied commercial prcxlucts. However, 
.thj; complex nature of behavior may'sonietimcs preclude the use of sj'mple 
techniques. More sophistixrated methods may be required to discover small 
and difficul(-to-iiicasurc changes. ^ 

As inpthcr forms of toxieoloj^'ical testing, the probable route of e.xposure 
of humans should be reprodueed as nearly as possible when studying labo- 
ratory animals. Other chapters of this repo^/particularirihose on Inhalation 
l-.xposure and Ingestion, should bv consulted ir^ this regard. Acute studies 
should begin with several doses lhat are high enough to produce obvious ef- 
fects and then progress to a graded series of smaller doses. Problems of tol- 
"^Tanee should be addressed in any of these studies. The resulting acute 
dose-eflect curve can be used to determine appropriate doses for chronic 
exposure. At least three levels should be used in chronic studies, the minimum' 
eflective dose found to affect behavior in acute behavioral studies and two 
lower doses, with the lowest dose expected to have no observed effects and 
the intermediate dose at the geometric mean (el*. Chapter 

T he procedures described below can be used with both rats and mice, Iw'o 
species widely selected for toxicology testing. Behavioral testing methods have 
been developed for both speeies. In addition, much is known about the 
pharmacological sensitivity of these behavit)ral preparations, fk-cause the 
[uocedures can easily be initiated an\ time after weamng. the age of the an- 
imals tested earv be selected to corres|\)nd io (he most sensitive age in humans,-' 
either observed or indiealed by acute and ehronie ttAij.ii v data. Behavioral 
studuS on animals before Wejining are possible but require special tech- 
niques." -^-^ A s[x*cies not eloscly related to rats and mice should aly) be tested 
in important dulses lo maximiye the possibility t)f detecting behavu)ral to\- 
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]\vo generafprocedures are reeominendecftor delecting behavioral toxicil\, 
neither ol which is unusually demanding in terms of special rot)ms, special 
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skill in handlingf'animals, or prolonged training of investigators. The first 
concerns the circadiart rhythm of motor activity and ingcstive behavior. The 
-second examines operant bchivvior Tor changes produced by a substance. With 
both procedures, adequate repetition of experiments, the Establishment of 
dosc-response relationships, and concurrent controls arc essential Concurrent 
testing of agents with known effects (positive cpntrols)^ds in the interpre- 
tation of results. ''^-26 

ClkCADlAN CYC 1. 1- 0» ACTIVITY 

Many animals display clear-cut changes in activity patterns through the day. 
Prolonged measurement of activity over many daily cycles has long been used 
in biological studies. ^'•^'^ ^^•^^•^'^ '^ ^ The circadian cycle of activity is repro- 
ducible in laboratory animals. Changes in the pattern of this activity arc a 
sensitive indicator of behavioral toxicity.^ ' ^ 

Residential ma/es have recently been employed to measure group activity 
of rats over relatively long periods, Carefully placed photocells and light- 
emitting diodes record both amount and location of the activity Qrgr<^u|is of 
four rats over several days. Cumulative hourly caunts are usually reeorded 
and nocturnal and diurnal activity separately , examined. Food' and water 
intake are also recorded, Behavioral hyper- Or hypoactivit^ afteir exposure 
^ to toxic agents may be detected in this way'. So also might short^ernt oscil- 
lations in activity, such as feeding-related cycles of rat activity during the 
nocturnal period, even though total circadian activity remains unaltered. "^^^ 
Published data den^onstrate the ability of circadian measurements to detect 
effects of low'doses of compounds that cause hyperactivity (e.g., annphct- 
amine"^'). as well as effects of exp<:>sure to carbon monoxide/ X -irradiation,-^ 
or heavy metals such as inorganic lead.^^' 

Other types of re^Tdential cages have been described, '^-^^ but there is no 
evidence that cage design is a significant factor in the sensitivity of circadian 
activity to substances causing behavioral toxicity. Activity sensors, which 
can be added to any cage, record circadian activity of both large and small 
animals. 



OPtHlANT Bt HAVlOR 

Behavioral toxicity may also appear as altered performance of learned re- 
sponses. Operant behavior is defined as behavior that is maintained by its own 
consequences. The operant behavior frequently studied in behavioral toxi- 
cology is maintained by precisely defined schedules of reinforcement. (De- 
scriptions of the basic principles of operant behavior are readily available, 
with adequate accounts appearing in most undergraduate texts on experi- 
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mental psychology.) Generally, with these procedures an animal works in 
an apparatus containing some sort of lever or key that closes a switch and a 
device to deliver reinforcers such as food or water. Operations of the switch 
are called responses. The circuitry is ^nged so that occasional responses 
deliver the reinforcer. The response pa^ns depend on the schedule.desigrr; 
I.e., the precise way in which responses are allowed to produce the reinforcer! 
Various patterns of schedule-controlled response have proved sensitive and 
. informative in drug studies. The extensive literature in behavioral pharma- 
cology can now serve asnhe source of relevant techniques for the iiudv of toxic 
substancesJ^>'5,2i.48.49.53 ' , 

Behavioral toxicity in mice can be detected by a relatively simple and in- 
expensive method.^4 The mouse interrupts a beam of light to a photocell. This 
causes a dipper to deliver small quantities of milk according to a schedule. 
Two schcdules t^at have been studied extensively are the fixed ratio (fr) and 
fixed interval (Fi) schedules. Both may be used together so that data are 
collected on two distinct types of operant behavior during the same daily 
experimental session. For example, milk may be delivered alternaiely after 
30 responses (an FR schedule) or at the Hrst response after 300 s have elapsed 
FI schedule). Each schedule is associated with a distinctive external stimulus. 
Such schedules lead to characteristic patterns of response that are best dis- 
played on a specially designed cumulative recorder. Evidence of behavioral 
toxicity is seen as both the pattern and .the number of responses change, ' 
There are a number of schedules used to study the toxic effects of chemi- 
cals. '-^.27,29.52,53 jherc is also a very large amount of literature on their use 
in pharmacology, 2^ 

Preliminary training of the mice'involves a partial food deprivation and 
a training sequence. Several sessions are needed, but, once trained, a mouse 
may be tested in daily sessions for a year or more! The performance remains 
conf^istcnt from day to day, permitting assessment of acute, subchronie, or 
chronic toxicity, as well as the degree and' rate of the reversibility of ef- 
fects. 

Schedulc-eontFolled responses can also be studied in other species. Mon- 
keys, dogs, eats, rats, mice, pigeons, and others generally show similar patterns 
of response when the response is programmed to have consequences on a 
particular schedule,^ - ' 
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CONFIRMATION OF IMPLIC ATIONS RF:SUITINC; FROM 
C HRONIC STUDMiS * 

Behavioral or neurological effects suggested during other toxicological studies 
may be connrmed and quantified through further behavioral work. Because 
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possible leadSfCannot be anticipated, the following examples are only illus- 
trative. The detection of any behavioral deficit may well mean that other 
behavioral changes will be discovered, if appropriate techniques, are ap- 
plied. 

Reported ataxia or weakness may be further studied by measuring the 
ability of a rat to remain on a rotating rod^'*'^^ or on a narrow, moving 
treadmill.'^ Tremors may be studied by putting rats on a displacement sensing 
device. '^'^^ Hypo- or hyperreflexia shows as a decrease or increase in the 
auditory startle response. In studies involving antenatal or neonatal 
exposure, toxicity may be manifested either as abnormd:l reflexes or as reflexes 
that appear at^abnormal times in the animal's development.' 

Operant conditioning procedures can be used to study specific behavioral 
functions. For example, it is possible to measure how well animals can space 
responses in time,'*^ discriminate the amount of behavior just emitted, ^^'^^ 
or acquire complex behavior sequences. ^''^^ One may anticipate the abuse 
potential of a substance by determining whether an animal will work for 
self-administration.'* Suspected changes in visual, auditory, somesthetic, and 
proprioceptive sensory function may be assessed either by using reflex 
methods such as auditory startle (see above) or by-training an animal to re- 
spond on the basis of particular sensory input. An introduction to much of 
this work has been provided by Stebbins'**' and Evans. ^ Many of these pro- 
cedures can provide interesting and important detail on precise behavioral 
deficits. But they may be too technically difficult and expensive to be usaful 
for the routine screening of toxic chemicals, despite the importjint role tlley 
play in basic research in behavioral toxicology. Therefore, only when infor- 
mation is needed about very important substances is the use of some of these 
techniques warranted. Further developmental work should produce methods: 
that will soon allow us to test toxic agents more expeditiously. 



SUMMARY 

Two general procedures have been recommended for use in the' initial search 
for toxic behavioral effects of chemicals. One studies the circadian cycle of 
activity, the other operant behavior. They are believed to be sensitive, 
quantitatively reliable, and relatively easy to perform. These features are 
important where several doses of a compound, and perhaps several different 
groups of animals varying in age, sex, strain, or species; may be needed for 
an adequate evaluation. In addition, both procedures are suitable for the 
evaluation of the onset rate of an effect during exposure and the rate and 
completeness of recovery when exposure ceases, both extremely important 
features of behavioral toxicity. 
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Only relatively simple methods have been recommended for routine use. 
More elaborate and specific procedures should prove useful in elucidating 
the nature of any behavioral toxicity. Additional techniques, drawn from 
rteurophysiology, neurocytology, and neurochemistry, would be required to 
explore fully the mechanisms of action of toxic chemicals. From a practical 
standpoint, the existence of behavioral toxicity at a particular exposure level 
is important in its own right, whatever tl|p mechanisms ofaction. Behavioral, 
toxicity may result from effects on a wide variety oforgans and tissues. It is 
by no means an unequivocal indication of direct CNS toxicity. 

Behavioral toxicology is still in an early stage of development, with sys- 
tematic experimental studies appearing only rcccntlyJ^'>^''^-'^2,53.56,57 jsj^ 
testing methods have been adequately validated through extensive use. A 
thorough reassessment of suggested procedures will be needed as more data 
become available. 
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Regulations 
under the 

Federal Hazardous 
Substances Act 

Chapter II, Title '6 

Code of Federal Regulations 



§1500.3 Definitions 

(b)(4)(i) "Hazardous substance" means: (A) Any substance.or mixture 
of substances which is toxic, corrosive, an irritant, a strong sensitizer, Ham- 
mable or combustible, or generates pressure through decomposition, heat, 
or other means, if such substance or mixture of substances may cause sub- 
stantial personal injury or substantial illness during or as a proximate result 
of any customary or reasonable foreseeable handling or use, including rea- 
sonably foreseeable ingestion by children. 

(5) "Toxic" shall apply to any substance (other than a radioactive^sub- 
stance) which has the capacity to produce personal injury or illness to man 
through ingestion, inhalation, or absorption through any body surface. 

(6) (i) "Highly toxic" meansany substance which falls within any of'the 

following categories: ' /• • , ^ .r r 

(A) Produces death within 14 days in half or rfiore than half of a group 
of 10 or more laboratory white rats each weighing between 200 and 300 
grams, at a single dose of 50 milligrams or less per kilogram of body weight, 
when orally administered; or 

(B) Produces death within 14 days in half or more than half ot a group 
of 10 or more laboratory white rats each weighing between 200 and 300 
grams when inhaled continuously for a period of 1 hour or less at an atmo- 
spheric concentration of 200 p^rts per million by volume or less of gas or vapor 
or 2 milligrams per liter by volume or less of n>ist or dust, provided such 
concentration is likely to' be encountered by man when the substance is used 
in any reasonably foreseeable manner; or . • 

119 ^ ^ - ^ 
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,(C) Prdduces death within 14 days in 'half or more than half of a group 
of 10 or morcrabbits tested in a dosage of 200 miiiigrams'or less per kilogram 
of body weight, when administered by continuous contact with the bare skin 
for 24 hours or less. i '. 

(ii) If the Commission finds that available data on human experience with 
any substance indicate results different from those obtained on animals in 
the dosages and concentrations specified in paragraph (b)(6)(i) of this section, 
the human data shall take precedence. - .' ■ 

Al) "Corrosive" means any substance which in contact with living tissue 
will cause desiruction of tissue by chemicaj action, but shall not.refer tt) action 
on inanimate surfaces. 

(8) "Irritant" means any substance not corrosive within the meaning of • 
section 2(1) of the act [restated in paragraph (bK?) of thiyection] which-on 
immediate, prolonged, or repeated contact with normal \m% tissue will in- 
duce a local inflammatory reaction. 

(9) "Strong sensitizer" means a substance which will cause on normal - 
living tissue through an allergic or pjiotodynamic procks a hypersensitivity 
which becomes evident on reapplication of the same su^jstance-and which is 
designated as such by the Commission. Before designatihg any substance as 

a strong sensitizer, ihe Commisijjon, upon consideration of the frequency of 
occurrence and severity of the reaction, shall fijul that the substance has a 
significant potential 'for-eausing hyper,sensitivftyC ■ - 

§1500.41 Method of Ust fng toxic su^stt^es ^ 

The method of testing the toxic substancesVeferred to in SI 500 J (cUH- 
(ii)(C) and (2)(iii) is as follows: ' " ' , 

(a) Acute dermal toxicity (single exposure}. In the acute exposures,' the 
agent is held in contact with the skin by means of a sleeve for periods varying- 
up to 24 hours. The sleeve, made of rubber dam or other in^pervious material 
js .so constructed that the ends are reinforced with additional strips and should 
fit snugly around the trunk of the animal. The ends of the sleeve are tucTced ' 
permitting the central portion to "balloon" and furnish a reservoir for "the 
dose. The reservoir must have sufficient capacity to contain the' dose without ' 
pressure. In the following table are given the dimensions of sleeves and the 
approximate body surface exposed to the test substance. The sleeves may vary 
in size to accommodate smaller or larger .subjects. In the testing of unctuous' 
materials that adhere readily to tJlesJcin, mesh wire .screen m^y be employed - 
instead of tlie sleeve. The screen is padded and raised approximately 2 cen- ' 
timeters from the exposed .skin'. In the base of dry p6wder preparations the 
skin and substance are moistened with physiological saline prior toexpo,sure 
The sleeve or screen is then slipped over the gauze that holds the dose applied • 
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to the skin. In the case of rincly divided powders, the ineasured dose is evenly 
di.stributcd on cotton gauze which is then secured tq the area of exposure. 

Dimensions pf SleevesVor Acute Dermal Toxicity Test (Test Animal Rabbits) 



Measurements in CentiTn#ers of Weight Average Area Average Per- 

Diameter Over-alll bf Animals of Exposure centage of Total 

at Ends Length \ (grams) (cm^) Body Surface 

7.0 12.5 2,500-3,500 240 10-7 



(b) - Preparation of test animals. The animals are prepared by clipping 
the skin of the trunk free of hair. Approximately one-half of the animals are 
further prepared by making epidermal abrasions every 2 or 3 centimeters 
longitudinally over the are£i of exposure. The abrasions are sufficiently deep 
to penetrate the stratum corneum (horny layer'of the epidermis) but not to 
disturb the derma; tTiat is, not to obtain bleeding. 

(c) Procedures for testing. The sleeve is slipped onto the animal which 
is then placed in a comfortable but immobilized position in a multiple animal 
holder. Selected doses of liquids and solutions are introduced under the sleeve. 
If there is slight leakage from the sleeve; which may occur during the first 
few hours of exposure, it is collected and reapplied. Dosage levels are adjusted 
in subsequent exposures (if necessary) to enable a calculation-of 3 dose that, 
would be fatal to 50 percer^ of the animals. This can be determined from 
mortality ratios obtained at various doses employed. At the endof 24 hours 
the sleeves or sci-eens are removed, the volume of unabsorbed material (if any) 
is measured, and the skin reactions are noted. The subjects are cleaned by 
thorough wiping, observed for gross symptoms of poisoning, and then observed 
for 2 weeks. - * 

. ' f 

§ I 500.4 1 Met hods of testing primary irritant substances 

Primary irritation to the skin is measured by a patch-test technique on the 
abraded and intact skin of the albino rabbit, clipped free of hair. A minimum 
of six subjects^are used in abraded and intact skin tests. Introduce under a 
square patch, such as surgical gauze measuring 1 inch by 1 inch and two single 
.layers thick, 0.5 milliliter (in the case of liquids) or 0.5 grams (in the case of 
solids and semisolids) of the test substance. Dissolve solids in an appropriate 
solvefTt and apply the solution as for liquids. The animals are immobilized 
with patches secured in place by adhesive tape. The entire trunk of the animal 
is then wrapped with an impervious material, such as rubberized cloth, for 
the 24-hour period of exposure. This material aids in maintaining the test 
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patches in position and retards the evaporation of volatile substances. After 
24 hours of exposure, the patches are removed and the resulting reactions 
are evaluated on the basis of the designated valyes in the following table: 

Skin Reaction y^^^^i 

Erythema and eschar formation: ~ 
No erythema • q 

Very slight erythema (barely perceptible) * j 

Well-defined erythema ' ^ 2 

Moderate to Severe erythema 3 
Severe erythema (beet redness) to slight eschar formation (injuries in depth) 4 

Edema formation: 
No edema _ 

Very slight edema (barely perceptible) 
Slight edema (edges of area well defined by definite raising) 
Moderate edema (raised approximately 1 millimeter) 
Severe edema (raised more than 1 millimeter and extending beyond 
the area_Qf^p osure) 



The 'Value" recorded for each reading is the average value of the six or more ani 
subject to the test. J 

Readings are again made at the end of a total of 72 hours (48 hours after the" 
first reading). An equal number of exposures are made on areas of skin that 
have been previously abraded. The abrasions are minor incisions through the 
stratum corneum, but not sufficiently deep to disturb the derma or to produce 
bleeding. Evaluate the reactions of the abraded skin at 24 hours and 72 hours, 
as described jn this paragraph. Add the values for erythema and eschar for- 
mation at 24 hours and at 72 hours for intact skin to the values on abraded 
skin at 24 hours and at 72 hours (four values). Similarly, add the values for 
edema formation at 24 hours and at 72 hours for intact and abradedskin (four 
values). The total of the eight values^is divided b)i^ur to give the primary 
irritation score. Example: 



Skin Reaction J ExpUurc Time (hours) Exposure Unit (value) 

Erythema and eschar formation; 

Intact skin 24 2 

Do 72 1 

Abided skin 24 , 3 

Do 72 ' 2 
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Subtotal 
I-ldema formation 

Intact skin 24 «^ 0 

Do 72 ' * I 

Abraded skin 24 ' | 

Do 72 2 

Subtotal 4 



Total 



12 



Thus, the primary irritation score is 127-4 = 3. 
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§1500.42 Test foreye irritant^ 

(a) ( I ) Six albino rabbits are used for each test.substance. Animal facilities 
for such procedures shall be so designed and maintained as to exclude sawdust, 
wood chips, or other extraneous materials that might produce eye irritation. 
Both eyes of each animal in the test groups shall be^examined before testing, 
and only those animals without eye defects or imtation shall be used.'The 
animal is held Firmly but gently until quiet. Th^st material is placed in one 
eye of each animal by gently pulling^he loji^ lid away froni the eyeball to 
form axup into which ,the test substancTtsdropped. The lids are then gently 
held together for- one Second and the animal is released. The other eye, re- 
maining untreated, serves as a control. For testing liquids, Q.l milliliter is used. 
For solids or pastes, 1 00 milligrams of the test substance is used, except that 
for substances in flake, granule, powder, or other particulate form the amount 
that has a volume .of 0.1 milliliter (after compacting as much as possible 
without crushing or altering the individual particles, such as by tapping the 
measuring container) shall be used whenever this volume weighs Jess than 
100 milligrams. In such a case, the weight of the 0. 1 milliliter test dose should 
be recorded. The eyes are not washed following instillation of test material 
except as noted below. 

X2) The eyes arc examined and the grade of ocular reaction is recorded 
at 24, 48, and 72 hours. Reading of reactions is facilitated by use of a binoc- 
ular loupe, hand slit-lamp, or other expert means. After the recording of 
observations at 24 hours, any or all eyes may be further examined after 
applying fluorescein. For this optional test, one drop of fluorescein sodium 
ophthalmic solution U.S. P. or equivalent is dropped directly on the cornea. 
After flushing out the excess fluorescein with sodium chloride solution U.S.P. 
or equivalent, injured areas of the cornea appear yellow: this is best visualized 
in a darkened room under ultraviolet illumination. Any or all eyes may be 
washed with sodium chloride solution U.S.P. or equivalent after the 24-hour 
reading, ' ^ 

(b) ( I ) An animal shall be considered as exhibiting a positive reaction if 
the test substance produces at any of the readings ulceration of the cornea 
(other than a fine stippling), or opacity of the cornea (other than a slight 
dulling of the normal duster), or inflammation of the iris (other than a slight 
deepening ol^the folds (or rugae) or a slight circumcorneal injection of the 
blood vessels), or if such substance produces in the conjunctivae (excluding 
the cornea and iris) an obvious swelling with partial eversion of the lids or 
a diffuse crimson-red with individual vessels not easily discernible. 

(2) The test shall be considered positive if four or more of the animals in 
the test group exhibit a positive reaction. If only one animal exhibits a positive 
reaction, the test shall be regarded as negative. If two or three animals exhibit 
a positive reaction, the test is repeated using a different group of six animals. 
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The second test shall^c considered positive if three or more of the animals 
exhibit a pos.Jive reaction. If only one or two animals in the second test exhibit 
a positive reaction- the test shall be repeated with a different group of six 
. animals. Should a third test be needed, the substance will be regarded as an 
irritant if^any animal exhibits a positive response. 

(c) To assist testing laboratories and other inte'rested persons in inter- 
pectin^ the results obtained when d substance is tested in accordance with 
the method described in paragraph (a) of this section, an 'Mllustrated Guide 
for Grading Eye Irritation by Hazardous Substances" will be sold by the 
Supenntendent of Documents, U.S. Government Printing Office Wash- 
ington, D.C. 20402. The guide will contain color platesxiepicting responses 
ol varying^ntensity to specific test solutions. The grade of response and tfie 
sub.stance used to produce the response will be indicated. 

(38 FR 27012, Sept. 27. 1973; 38 FR 30105, Nov. 1, 1973) 
RHI>RINTi;p f-ROM (:1;[)I;raL RI;GISTI-;R. 4'i (ISS): 4250l 

si:pti;mbhr 21. 1976 

§ 1 73^40 Corrosive material: definition. 

(a) For the purpose of this subchapter, a corrosive material is a liquid or 
solid that causes visible destruction or irreversible alterations in hUman skin 
tissue at the site of contact, or in the cn.sc of leakage from its packaging, a 
liquid that has a severe corrosion rate on steel. 

(DA material is considered to be dest>Ltive or to cause irreversible al- 
teration in human skin tissue if when tcstecfon the intact skin of the albino 
rabbit by the technique deseribcd in Appendix A to this part, the structure 
of the tissue at the siie of contact is destroyed or changed irreversibly after 
an exposure period of 4 hours or less. 

(2) A liquid is considered to have a severe corrosion rate if its corrosion 
rate exceeds 0.250 inch per year (ipy) on steel (sAf-; 1020) at a test temper- 
ature of 1 30°F. An acceptable test is described in NACr-: Standard TM-01- 
60. 

(b) If human experience or other data indicate that the hazard of a ma- 
terial IS greater or less than indicated by the results of the tests specified in 
paragraph (a) of this section, the Department may revise its classification 
or make the material subject to the requirements of Parts 170-189 of this 
subchapter. 

(Amdt. 173-61,37 FR 5947. Mar. 23. 1 972: as amended by Amdt 173-74 
38 FR 20839. Aug. 3, 1973: Amdt. 173-94.41 FR 16074. Apr. 15, 1976] " 
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Animal quality. It serves no useful purpose either to purchase a low-quality 
microbially undefined' animal Torn' high-security barrier operation or to place 
germfree a'nimals in conventional, nonbarrier faeilities. The nature and risks 
of the experiment dictate the quality of the animal and environmental eon- 
' trols. Purchased animals must be properly transported and quarantined upon 
arrival to assure continued high quality. 

Operational and extraneous factors can have dramfapc effects on the 
successful cornpletion of a chronic test, as "^'cW as on the interpretation and 
usefulness of the results. Contaminants in the diet, bedding, water, or air ca^T 
introduce variables or modifiers to chronic toxicity. Other factors, such as 
intercurrent infections, auiolysis, and cannibalism, can reduce the effective 
number of animali^.th£ study;. how.ever, these are largely preven\able by 
the routine practicc^^^lf ict hygiene-disease prevention measures and close 
clinical observation, ; ' '^7. , • . -^^^ x:"''^-^ 

Facilities, Good physical design and maintenance of the animal facilities are 
required in aider to meet the high standards of animal care,' and the chemical 
and biological hazard control required for chronft toxicity studies. Even the 
best animals placed in poorly designed and maintained facilities will soon 
succumb to their surroundings. 

The construction or modification of animal facilities to be used for long- 
term studies should provide practical but effective barriers to the inadvertent 
introduct^ion of infectious diseases or contaminants into the facility or between 
animal rbiims. As a minimum, the design should include a unidirectional flow 
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of equipment, supplies, air. and personnel. This is usuall)/ referred to as the 
"olean-dirty (return) corridor** eoncept. The doors to animal rooms should 
be/Fo.cated at opposite (^mjfs of each room. All materials are sterilized; per- 
sonnel are fully covered in sterilized garments; and entrances arc restricted 
to clean corridor and exits to the dirty corridor. Such a strict flow of materials 
and personnel through a corridor from whicf;^cccss to other rooms is im- 
possible greatly reduces the potential for introduction of disease to the facility 
or the rapid spread of a disease from one room to part or all of the facility. 
Where such a corridor arrangement is not possible, the movement of clean 
and dirty equipment and materials should be scheduled to avoid back-flow 
to cleaner areas. Animal rooms must be protected to reduce possible con- 
tamination between rooms. \ 

A committee of the National Academy of Sciences^ has recently estab- 
lished a' new classification for barrief systems based on methods and extent 
of contamination control. Classification consists of maximum, high, moderate, 
or minimal security and conventional systems. Minimal security conventional 
systems are not considered acceptable for maintaining rodents for long pe- 
riods. 

The animal facilities sliould be separated from the remainder of the lab- 
oratories with access restricted to essential personnel, A special quarantine 
area, effectively separated from the 'testing area, should be provided for 
holding animals procured from outside the animal facility. 

Small rooms arc recommended for chronic toxicity testing so that a sepa- 
rate room can be used for each species and test agent. This allows for better 
prevention and easier con tain n^Ertl of a disease outbreak. It also prevents 
inadvertent expirsure of animals to low levels of other chemicals, which could 
result if several chemicals were on test in the same room. This arrangement 
also reduces the possibility of accidental niix^p in the test groups of treatment- . 
administrations and the intrcxiuction of diseased animals into a room in vvhich 
studies arc under way. The increased cost incurred by using these small rooms 
is considered a warranted expense. When large rooms must' be used, a rea- 
sonable compromise is the use of cages with solid sides and bottoms and 
covered by filter tops. 

AJI air entering and leaving the animal facilities should be adequately 
filtered with 10 to 13 fresh-air changes per hour. Provisions for the automatic 
control and recording of temperature and humidity in each room should be 
provided along with a monitoring system to alert the attendants to any de- 
viations from the acceptable range. 

-« 

Hquipnwnt/Supplies. To complement an adequately designed- facility, 
equipment and supplies should be of suitable construction or composition and 
capable of effective saniti/ation. 

Numerous studies have been lost due to unforeseen failures in mechanical 
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equipment (especially the air-conditioning system) Or to food supply problems 
caused by labor disputes, mill shortages, etc Rotated, reserve backup supplies 
should be maintained to ensure continued food suppliesN Air-conditioning 
failures can be due to such malfunctions as compressor failure or interruption 
of electricity. Access to an emergency generator or parallel air-co»*tioning 
system should be an integral part of any facility contingency plan. 

Several commercially available rack/caging systems are capable of proper 
saniti/ation. Plastic or stainless steel cages with solid sides and bottoms 
covered with nonwoven polyester fiber filters constitute an effective enclosure 
and provide for relatively efficient disease control and chemical cdntainrhcnt 
measures. However, the gains from the additional environmental control may 
be partially offset by etevated cage huitiidity and ammonia levels,«^ich might 
have the detrimental effects of respiratory disorders and hepatic enzyme 
induction. Wire mesh cages may be required for certain studies such ds those 
of inhalation. During the quarantine period and short-term toxicity studies, 
animals muy be caged together according to weight'J>pacc specifications 
recommended by the National Academy of Sciences. However, for tho iiub- 
K^ironic and chronic studies, animals should be distributed from the outset 
of the studicJias if th^jy were in the upper weight range. This will obviate the 
need for later redistribution to keep them within the. weight-space specifi- 
cations. ■ 

Although mycotoxin-free ground corncob may be used for/bedding, 
heat-treated hardwood chips arc more desirable/Softwood chips or creosOted 
wood should not be usc3. The bedding should be sterilized. When open wire 
mesh cages arc used, an absorbent material should be placed under the ca^es 
to collect and hold waste matter. 

hVeders designed to prevent soiling, bridging, and scattering of the feed 
are acceptable when pellet-type ration^ are used. Although no feeder is 
completely satisfactory for meal feed, a hopper-type feeder that is firmly 
attached to the cage appears to cause the fewest problems. However, this type 
of feeder may still require daily "bumping" to dislodge bridged meal. An open, 
' unfixed feed cup should not be used, nor should the feed be placed di^rectly 
onto the cage floor.^ , ' .... 

Water systems should provide an adequate continuous supply of fresh, 
pathogen-free water. When an automatic watering system is used, the valve 
end should be positioned so that accidental flooding of the cage is avoided. 

Operations. The key to a successful animal care operation is a well-trained 
and motivated caretaker staff interested in and concerned with the health" 
of the individual animals and their role in quality research. As. in design 
considerations, operations should strive to prevent entrance of extraneous 
' factors at all levels of containment, from facility to animal room to individual 
eage. 
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Lack of or inipri)pcr quarantine with inadvertent introduction ofdisease 
loa facility can jeopardi/e chronic studies that niay have been under way for 
many months. Strict procedures in this regard are essential. Newly arrived 
animals should be taken, ift their unopened-shipping containers, directly to 
the quarantine area. Those unsuitable because of size, health, or other criteria 
should be immediately discarded; remaining animals should be quarantined 
and closely monitored for a minimum of 7 days. A small, randomly selected 
number of animals from each shipment should be sacrificed and examinecJ 
lor parasites and enteric pathogens. When an epi/mHic di.sea.se is found among 
the animals, the entire shipment from which they came should be discarded. 
IVofessional judgment must be exercised to determine whether minor losses 
should be attributed to the stress of shipment or to normal attrition of young 
animals. 

Access to the animal facilities should be restricted to essential personnel. 
Both professional and technical personnel should receive training in animal 
care and personal hygiene. Those with disease conditions that could affect 
the animals' health should not be permitted in the animal rooms. 

Attention should also be given to supplies entering the facility or animal 
rooms to prevent introduction ofdisease. The measures used should yonform 
to the disease prevention plan, e.g., barrier or conventional operation, etc. 
The sterilizing of food and bedding, as well as the shovvi^ring of personnel,^ 
while warranted in barrier and clean/dirty corridor facilities, may not be 
practical for many conventional operations. 

i:arly detection of impending problems, as well as the documentation of 
perturbations that might be used in data interpretation, can be accomplished 
b\ monitoring the environment. The physical environment (temperature, 
humidity, airflow, etc.), should be monitored for deviations from acceptable 
range, while supplies (food, beddmg. and water) sTiould be monitored for 
proper composition and presence of biological and chemical contaminants. 
Animals and their discharges can be monitored for microorganisms and 
^ parasites. 

Whenever individual animal data are to be routinely recorded, each animal 
should be marked at the outset of the study with a standard method of iden- 
litication. such as ear notching, toe clipping, or tagging. ^ 



I N.ilional \ciulcm> dI Sciences Nation;il Kcsciirch ( ouncil. InMiiiiic of I aboriilnry Animal 
Resources 1972 (iuule Inr the ( are and I ise o( l aboratory Animals, rev ed Washington, 
10 ( . (iovernmeni Printing OtTiee. Dili w Publiaition No (mm) 74-2.1 
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Hematological and 
Clinical Biochemistry 
Studies 



Suggested list of tests for monitoring toxic effects and the health status 
animals: 



Hematology 

Total erytlu)cyte counts 
Total leukocyte counts 
Hematocrit , 
Mem oglobin 

Differentia I leukocyte counts 



Clinical Chcr^iistry 

Blood urea nitrogen 

SGPT 

SC'.OT 

Alkaline phosphatase 



'■1"*. 
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Pathology 



Suggested list of organs used to obtain relative organ weights: 



Brain 
Lungs 
Liver 



Heart 
Kidney s 
Spleen 



Suggested list of tissues for histopathology; 



Brain • , 
Thyroids 
Heart ' 
Kidneys 
Small intestine 
Lnrge intestine 
Bone 

.Petipher^il ricrve 
Skin 



Pituitary 

Irachea 

Lung {in toto) 

Spleen 

Pancreas 

(Gonads 

Prostate 

Lye 

Nasal cavity 



Adrenals 
(ionads 



Salivary gland ^ 
Peribronchial lymph nod 
Liver 
Stomach 

Mesenteric lyrnph n^e 
Bone marrow 
Skeletal muscle 
Uterus 

Ciross abnormalities 
Urinary bladder , 
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